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December 29, 2017

U.S. Army Corps of Engineers
New England District

696 Virginia Road

Concord, MA 01742

Attn: Ms. Penelope Reddy

Subject:  Revised Work Plan for Additional PFAS Sampling to Support the Development of the
Remedial Investigation Work Plan
Former Fort Devens Army Installation, Devens, MA
Contract No. W912WJ-16-D-0008, Task Order 0002

Dear Ms. Reddy:

KOMAN Government Solutions, LLC (KGS) is pleased to provide this revised work plan for the sampling
of per- and polyfluoroalkyl Substances (PFAS) from existing monitoring wells at the Former Fort Devens
Army Installation in Devens, Massachusetts. This work plan (previously issued December 11, 2017) has
been revised in accordance with the Environmental Protection Agency’s (EPA) comments received
December 13, 19, and 27, 2017 and KGS’ respective responses dated December 14 and 21, 2017.

This one-time sampling event is being conducted for informational purposes, in support of the Devens
PFAS Remedial Investigation (RI) work planned to begin in 2018. As noted in EPA’s November 2, 2017
letter to the Department of the Army, the objectives of this supplemental sampling event are to provide
more information about the extent of PFAS in groundwater in order to help assess potential impacts to the
surrounding community’s drinking water supply and to help scope and evaluate potential site risks in the
Devens PFAS RI.

Selected Sampling Locations

EPA’s November letter included a list of 30 sampling locations (29 monitoring wells and one surface water
sample location) to be sampled from seven of the Areas of Concern (AOC) at the Former Fort Devens
(Table 1). Sampling locations are shown on Figures 1 through 8.

Field Activities
Sampling activities commenced on December 18, 2017. The project schedule is presented in Table 2.

Except as noted herein, sampling and analytical procedures will be conducted in accordance with the Final
Expedited Site Inspection Work Plan (ESI WP) for PFAS (KGS, May 2017), and subsequent variances
approved by the regulatory agencies.

New high-density polyethylene tubing will be used to collect samples. Any existing tubing and dedicated
pumps will be removed from the wells prior to well sampling. Prior to collection of groundwater samples,
water quality parameters (temperature, specific conductance, dissolved oxygen, pH, oxidation-reduction
potential, and turbidity) will be measured and recorded on field log sheets in accordance with low-flow
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sampling procedures. The surface water sample will be collected as a grab sample. Standard protocols will
be followed to prevent cross-contamination of PFAS (Appendices B, C.1, and C.2 of the ESI WP).
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QA/QC Samples

Quality Control (QC) samples are summarized in Table 3. Field blanks will be collected at a rate of 1 per
10 samples (10%). MS/MSDs will be collected at a rate of 1 per 20 samples (5%). Equipment blanks will
be collected at a rate of 1 per day when sampling is conducted using a non-dedicated bladder pump (not
required for peristaltic pumps with dedicated tubing). Field duplicates will be collected at a rate of 1 per
10 samples (10%).

Laboratory Analyses

Groundwater and surface water samples will be analyzed for 14 PFAS compounds using modified
Method 537. No sample preservative will be used. The target analyte list and project reporting limits are
presented in Table 4.

Laboratory analyses will be performed by TestAmerica Sacramento, which is certified under Department
of Defense (DoD) Environmental Laboratory Accreditation Program (ELAP) Quality System Manual
(QSM) for Environmental Laboratories version 5.0. TestAmerica Sacramento will follow Table B-15 of
QSM 5.1. TestAmerica Sacramento’s DoD ELAP audit was performed October 2017. Upon completion
of this audit (anticipated for January 2018), the lab’s accreditation will be updated to reflect compliance
with QSM 5.1 Table B-15 for PFAS.

The addendum to the Quality Assurance Project Plan (QAPP) worksheets relevant to this sampling event
is provided in Attachment A. The laboratory Standard Operating Procedure (SOP) is provided in
Attachment B.

Report

The results of the sampling event will be presented in a Technical Memorandum for agency review. These
results will be used for informational purposes to support the development of the Remedial Investigation
Work Plan in 2018.

Please contact me at (508) 219-6771 or jropp@komangs.com if you have any questions or require
additional information.

Sincerely,
KOMAN Government Solutions, LLC

B,

James Ropp, P.E.
Project Manager

cc: Robert Simeone, BRAC Devens, MA
Dan Groher, USACE
Mike Kulbersh, USACE
Yixian Zhang, USACE
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Carol Keating, EPA Region 1, Boston, MA

Laurie O'Connor, USEPA Region 1

David Chaffin, MassDEP Boston

Ron Ostrowski, MassDevelopement, Devens, MA

Ms. Julie Corenzwit, PACE

Ms. Laurie Nehring, PACE

Mr. Richard Doherty, Engineering and Consulting Resources, Inc.
KGS File
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Table 1

PFAS Sample Locations
Former Fort Devens Army Installation, Devens, MA

Location Description Sample Location Notes & Sample and Location Rationale
57M-03-01X Determine presence or absence of PFAS in groundwater.
AOC 57 - Area 2 Building 3713 Fuel Oil 57M-03-02X Determine presence or absence of PFAS in groundwater.
Spill 57M-03-04X Determine presence or absence of PFAS in groundwater.
57M-03-06X Determine presence or absence of PFAS in groundwater.
57M-95-03X Determine presence or absence of PFAS in groundwater.
AOC 57 - Area 3 Building 37_13 Fuel Qil 57M-96-11X Listed as 57M-95-1_1X in EPA's letter. Determine presence
Spill or absence of PFAS in groundwater.
AREA3-SW1 Determine presence or absence of PFAS in surface water.
L . XGM-94-06X Determine presence or absence of PFAS in groundwater.
AOC 436G Historic Gas Station AAFES-7 Determine presence or absence of PFAS in groundwater.
XJIM-94-07X Determine presence or absence of PFAS in groundwater.
L . XIM-97-11X Determine presence or absence of PFAS in groundwater.
AOC 43) Historic Gas Station XJIM-97-13X Determine presence or absence of PFAS in groundwater.
HA-3B Determine presence or absence of PFAS in groundwater.
32M-01-14X0OB |Determine presence or absence of PFAS in groundwater.
AOC 32/43A DFI)? O'\f_OSI)?;d/eFZ:?:r 32M-01-14XBR |Determine presence or absence of PFAS in groundwater.
g 32M-01-17XBR  |Determine presence or absence of PFAS in groundwater.
N5-P1 Determine presence or absence of PFAS in groundwater.
SHP-01-36X Determine presence or absence of PFAS in groundwater.
o . SHM-93-24A Determine presence or absence of PFAS in groundwater.
SHL Shepley's Hill Landfill SHM-13-03 Determine presence or absence of PFAS in groundwater.
SHM-13-04 Determine presence or absence of PFAS in groundwater.
SHM-10-05A Determine presence or absence of PFAS in groundwater.
G6M-96-22A Determine presence or absence of PFAS in groundwater.
G6M-96-22B Determine presence or absence of PFAS in groundwater.
G6M-95-20X Determine presence or absence of PFAS in groundwater.
AOC 50 Moore Army Airfield G6M-01-01X Determ!ne presence or absence of PFAS in groundwater.
G6M-02-06X Determine presence or absence of PFAS in groundwater.
G6M-04-07X Determine presence or absence of PFAS in groundwater.
G6M-04-14X Determine presence or absence of PFAS in groundwater.
XSA-12-98X Determine presence or absence of PFAS in groundwater.
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Table 2

Planned Schedule for Sampling of PFAS from Selected Monitoring Wells

Former Fort Devens Army Installation, Massachusetts

Site Number Commencement of Completion of Submission of
of Wells Sampling® Sampling Validated Data to EPA

SHL 6 12/18/17 12/19/17

AOC50 8 12/20/17 1/2/18

AOC 57-Area 2 4 1/3/18 1/4/18

AOC 57-Area 3 3® 1/5/18 1/5/18 3/9/18

AOC 43G 2 1/8/18 1/8/18

AOC 32 & 43A 3 1/8/18 1/9/18

AOC 43) 4 1/9/18 1/10/18

Note:

(a) Actual sampling dates are subject to change based on field conditions.
(b) Includes 2 wells and 1 surface water location.
(c) No sampling during 12/22/17 to 12/29/17.

(d) Un-validated data will be provided after receipt from the laboratory.




Former Fort Devens Army Installation, Devens, MA

Table 3

QC Sample Summary

Location # osfai\;,)\:gw Field Blank* [ MS/MSD Egr;gsf f t Dquifichate Analyses
AOC 57 Area 2 4 GW 1 1GW Modified Method 537 - GW
AOC 57 Area 3 | 2 GW/1SW 1SW Modified Method 537 - GW
AOC 43G 2GW Modified Method 537 - GW
AOC 43) 4 GW 1 1GW Modified Method 537 - GW
AOC 32/43A 36w 1 set Modified Method 537 - GW
SHL 6 GW 1 set Modified Method 537 - GW
AOC 50 8 GW 1 1GW Modified Method 537 - GW

GW = Groundwater
SW= Surface Water

MS/MSD = Matrix Spike/Matrix Spike Duplicate

* = Field Blank is the PFAS free water in a sample jar held at the site during sampling.

** = Equipment Blanks will be collected once per day when using non-dedicated bladder pumps.

Field duplicate and matrix spike/matrix spike duplicate samples will be selected in the field from representative locations.
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Table 4

PFAS Target Compound List
Former Fort Devens Army Installation, Devens, MA

Analyte CAS Number | RL (ng/L) | MDL (ng/L) | LOD (ng/L)
Perfluorooctanesulfonic acid (PFOS) 1763-23-1 4.00 0.540 2.00
Perfluorooctanoic acid (PFOA) 335-67-1 4.00 0.850 2.00
Perfluorononanoic acid (PFNA) 375-95-1 2.00 0.270 1.00
Perfluorohexanesulfonic acid (PFHXS) 355-46-4 2.00 0.300 1.00
Perfluoroheptanoic acid (PFHpA) 375-85-9 2.00 0.250 1.00
Perfluorobutanesulfonic acid (PFBS) 375-73-5 2.00 0.300 1.00
Perfluorodecanoic acid (PFDA) 335-76-2 2.00 0.310 1.00
Perfluorododecanoic acid (PFDoA) 307-55-1 4.00 0.550 2.00
Perfluorohexanoic acid (PFHxA) 307-24-4 4.00 0.580 2.00
Perfluorotridecanoic Acid (PFTriA) 72629-94-8 4.00 1.30 3.00
Perfluorotetradecanoic acid (PFTeA) 376-06-7 2.00 0.290 1.00
Perfluoroundecanoic acid (PFUnA or PFUdA) 2058-94-8 4.00 1.10 3.00
N-ethyl perfluorooctane sulfonamidoacetic acid (NEtFOSAA) 2991-50-6 20.0 3.00 10.0
N-methyl perfluorooctane sulfonamidoacetic acid (NMeFOSAA) 2355-31-9 20.0 3.10 10.0

Notes:

ng/L = nanogram per liter

RL = Reporting limit

MDL = Method Detection Limit
LOD = Limit of Detection

Page 1 of 1




FIGURES



File: 2015AR_Fig3_AOC57-2.mxd

(¥ 57M:95:06X
57M-03-1X
($— 57M-03-01X

AOC! 57/
Area 2

57M-03:06X x 4 57M-03-06X

57M-03-2X

($— 57M:95:05X
NN 5 278 57Mz03-05X
57M:03:02X M =

Ao 57M-03-04X
‘/\/
i

~ // 57M-03-04X
. _ >4

L P -

L@ 5TWPR-06-02 '
- % 57M-03:03%—3 &
ot SRR 'SG02 " RoimerEoit
¢ ¢ BDevens!

i Post
SGO] 57-AREA2ISW3 [¥fetin Post

#

57M-95:07X'=2) o | CECEBSE

Figure 1
PFAS Sample Locations
AOC 57 - Area 2

LTM Well - Gauge Only
Staff Gauge

Former Surface Water Sample Location

Well/Piezometer/Sample Location

STMO3-09% | yentification
Final Excavation Limit (2003)

Conti Excavation Limit (2002)
Former Fort Devens Boundary

Flagged Wetland Limits

Approximate Historical Extent of
Groundwater Contamination in Exceedance
of Cleanup Goals (based on Fall 2003

to Spring 2011 analytical data)

Containment Dam
Area of Contamination (AOC)

Stream

Note:
AOC 57 lies within the MassDEP Zone |l Wetland Protection Area.

References:
Sovereign/HGL LTMMP 2015

Aerial Sources: 2013, USGS, MassGIS

PFAS LTM Wells
AOC 57 - Area 2
Former Fort Devens Army Installation and Sudbury Annex
Devens, Massachusetts

KOMAN Government Solutions, LLC

160 East Main Street, Suite 2F, Westborough, MA 01581

Date: Figure

A
12/05/2017 1 /KGS



JRopp
Callout
57M-03-1X

JRopp
Callout
57M-03-2X

JRopp
Callout
57M-03-06X

JRopp
Callout
57M-03-04X


Figure 2
PFAS Sampling Locations
AOC 57 - Area 3

Legend

b4 LTM Sample Well

b4 LTM Well - Gauge Only

® Well Point - Gauge Only

A LTM Piezometer

) Surface Water Sample Location
s7m05.03x  Vell/Piezometer/Sample Location

Identification

Approximate Historical Extent of
| b i | Groundwater Contamination in Exceedance
A : I —a of Cleanup Goals (based on Fall 2003

o 1 “A el to Spring 2011 analytical data)

{
we

pred
. AOC|57/Areaf3] L__J  Areaof Contamination (AOC)

57M-95-03X

I:l Alternate lll-2a Estimated Soil
Excavation Area

028 —_— Stream
—_— Topographic Contour (Ft AMSL)

57M-96210X

Notes:
57M-96-11X ‘ AOC 57 lies within the MassDEP Zone Il Wetland Protection Area.
. Well 57M-96-09X buried by construction.
> - LTM = Long-term monitoring
57WP-0603 57ML96111 - _ : 1 References:

LTMMP (HGL.Sovereign, 2015)

57P-98-03X¢ " * ’ Aerial Sources: 2013, USGS, MassGIS

PFAS LTM Wells

AOC 57 - Area 3

Former Fort Devens Army Installation and Sudbury Annex
Devens, Massachusetts

L E=57-AREA3ISW1

KOMAN Government Solutions, LLC
160 East Main Street, Suite 2F, Westborough, MA 01581

AREA3-SW1

0 30 60 Date: Figure

A
12/05/2017 2 IEKGS

Feet

File: 2015AR_Figd_AOC57-3.mxd


JRopp
Callout
57M-95-03X

JRopp
Callout
57M-96-11X

JRopp
Callout
AREA3-SW1


Figure 3
PFAS Sampling Locations
AOC 43G
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Figure 5
PFAS Sampling Locations
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Figure 7
PFAS Sampling Locations
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PFAS Sampling Locations
by AOC 50 Source Area
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Worksheet # 15

PFAS Analytical Method Reporting Limits and Control Limits

LCS |LCSRPD| MS MS MS
Method Code CAS Number PFAS Compound RL | MDL [ LOD | Units [LCS Low| High % Low | High |RPD %
Groundwater 2058-94-8 Perfluoroundecanoic acid (PFUNA) 4.00| 1.10 | 3.00 | ng/L 73 122 30 73 122 30
Method 537Modified 375-73-5 Perfluorobutanesulfonic acid (PFBS) 2.00 | 0.300 | 1.00 | ng/L 88 130 30 88 130 30
Lab SOP WS-LC-0025
Rev2.9 (11/22/2017) 335-76-2 Perfluorodecanoic acid (PFDA) 2.00 | 0.310 | 1.00 | ng/L 84 123 30 84 123 30
307-55-1 Perfluorododecanoic acid (PFDoA) 4.00 | 0.550 | 2.00 | ng/L 82 122 30 82 122 30
375-85-9 Perfluoroheptanoic acid (PFHpA) 2.00 | 0.250 | 1.00 | ng/L 89 127 30 89 127 30
355-46-4 Perfluorohexanesulfonic acid (PFHxS) 2.00 | 0.300 | 1.00 | ng/L 87 126 30 87 126 30
307-24-4 Perfluorohexanoic acid (PFHxA) 4.00 | 0.580 | 2.00 | ng/L 86 126 30 86 126 30
375-95-1 Perfluorononanoic acid (PFNA) 2.00 | 0.270 | 1.00 | ng/L 77 137 30 77 137 30
1763-23-1 Perfluorooctanesulfonic acid (PFOS) 4.00 | 0.540 | 2.00 | ng/L 83 126 30 83 126 30
335-67-1 Perfluorooctanoic acid (PFOA) 4.00 |1 0.850 | 2.00 | ng/L 80 120 30 80 120 30
376-06-7 Perfluorotetradecanoic acid (PFTeA) 2.00 | 0.290 | 1.00 | ng/L 66 120 30 66 120 30
72629-94-8 [Perfluorotridecanoic Acid (PFTriA) 4,00 | 1.30 | 3.00 | ng/L 56 163 30 56 163 30
N-ethyl perfluorooctane sulfonamidoacetic
2991-50-6 acid (NEtFOSAA) 20.0 [ 3.00 | 10.0 [ ng/L 86 132 30 86 132 30
N-methyl perfluorooctane sulfonamidoacetic
2355-31-9 acid (NMeFOSAA) 20.0 | 3.10 | 10.0 | ng/L 87 128 30 87 128 30




QAPP Worksheet #18
PFAS Sampling Locations and Field QC Samples
Former Fort Devens Army Installation, Devens, MA

Groundwater and surface water samples will be collected from designated locations following PFAS sample collection

procedures.

Location/Description Sample Location Matrix Sample Type
57M-03-01X Groundwater Native Sample
57M-03-02X Groundwater Native Sample

AOC 57 - Area 2 57M-03-04X Groundwater Native Sample
57M-03-06X Groundwater Native Sample
57M-95-03X Groundwater Native Sample

AOC 57 - Area 3 57M-96-11X Groundwater Native Sample
AREA3-SW1 Surface Water Native Sample

AOC 43G XGM-94-06X Groundwater Nat?ve Sample
AAFES-7 Groundwater Native Sample

XIM-94-07X Groundwater Native Sample

AOC 43] XIM-97-11X Groundwater Nat?ve Sample
XJIM-97-13X Groundwater Native Sample

HA-3B Groundwater Native Sample

32M-01-14X0OB Groundwater Native Sample

AOC32/43A 32M-01-14XBR Groundwater Native Sample
32M-01-17XBR Groundwater Native Sample

N5-P1 Groundwater Native Sample

SHP-01-36X Groundwater Native Sample

s . SHM-93-24A Groundwater Native Sample

Shepley's Hill Landfill SHM-13-03 Groundwater Native Sample
SHM-13-04 Groundwater Native Sample
SHM-10-05A Groundwater Native Sample
G6M-96-22A Groundwater Native Sample
G6M-96-22B Groundwater Native Sample
G6M-95-20X Groundwater Native Sample

AOC 50 G6M-01-01X Groundwater Native Sample
G6M-02-06X Groundwater Native Sample
G6M-04-07X Groundwater Native Sample
G6M-04-14X Groundwater Native Sample
XSA-12-98X Groundwater Native Sample
AOC57-FD01 Groundwater Field Duplicate (GW)
AOC57-FD02 Surface Water Field Duplicate (SW)
AOC43J-FD01 Groundwater Field Duplicate (GW)
AOC50-FDO1 Groundwater Field Duplicate (GW)
32M-01-14XBRMS/MSD Groundwater MS/MSD (GW)
SHP-01-36 XMS/MSD Groundwater MS/MSD (GW)
QC Samples FBO1 Agueous Field Blank
FB02 Aqueous Field Blank
FB03 Aqueous Field Blank
EBO1 Adqueous
EB02 Aqueous Equipment Blank (as needed from
EBO3 Aqueous non-dedicated bladder pumps)
EBO4 Agueous

Notes:

MS/MSD = matrix spike/matrix spike duplicate
Field duplicate and matrix spike/matrix spike duplicate samples will be selected in the field from representative locations.

Page 1 of 1




QAPP WORKSHEET #19 AND #30

PEAS Sample Containers, Preservation and Hold Times

Primary Analytical Laboratory
Test America Laboratory; 880 Riverside Parkway;

West Scaramento, CA 95605

Project Manager: Jerry Lanier
Email: jerry.lanier@testamericainc.com Certifications: DoD ELAP

Sample Delivery Method: FedEx overnight

Analytical / Preparation

Containers (number,

Sample volume

Preservation Requirements

Maximum Holding Time

Matrix | Analytical Group Method SOP Reference size, and type) (units) (chemical, temperature) (preparation/analysis)
ORGANIC ANALYSES
Extraction: 14 Days from
Water | PFAS Modified V(Vlsll'ig/;’gf% F(?‘;ZL'Q 2250 ml HDPE Bottles | . ool < 6°C Collection
Method 537 (NO Teflon lids) Analysis: 40 days from
Sacramento) .
Extraction



mailto:jerry.lanier@testamericainc.com
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mailto:jerry.lanier@testamericainc.com
mailto:jerry.lanier@testamericainc.com
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QAPP WORKSHEET #20
PFAS Field QC Sample Summary

Matrix

Matrix Analyte/Analytica Field Samples Fn_ald Spikes/Matrix Equipment | Field Blanks
| Group Duplicates - . Blanks * **
Spike Duplicates
Groundwater PFAS See Table 3 10% 5% 1 per day 10%

* - Equipment blanks will be prepared by pouring PFAS-free water over decontaminated sampling equipment into sample jars.

EBs will be collected once per day when using non-dedicated bladder pumps.

** = Field Blank is the PFAS-free water in a sample jar held at the site during sampling. FBs will be collected at a frequency of 1
per 10 samples, or a minimum of one per week of sampling.




Worksheet #24

PFAS Analytical Instrument Calibration - PFAS Lab SOP WC-LC-0025 (See note below)

Instrument | Calibration Procedure | Frequency of Calibration Acceptance Criteria Corrective Action (CA) Person Responsible for CA *
LC/MS/MS Tune Check Prior to ICAL and after any  |Tuning standard must contain Retune instrument. If the tuning will |Lab Manager/Analyst
mass calibration or analytes of interest or appropriate  |not meet acceptance criteria, an
maintenance is performed. substitute. instrument mass
Mass assignments of tuning standard |calibration must be performed and the
within 0.5 amu of true value. tuning redone.
LC/MS/MS Minimum five-point Initial calibration prior to Each calibration point for each Evaluate standards, chromatography, |Lab Manager/Analyst
initial calibration for sample analysis analyte must calculate to be within  |and mass spectrometer response. If
target analytes, lowest 75-125%, except the problem found with above, correct as
concentration standard at lowest cal point which must appropriate, then repeat initial
or below the reporting calculate to within 70-130%. calibration.
limit
LC/MS/MS Second-source Once per initial calibration, All reported analytes and labelled Evaluate data. If problem (e.g., Lab Manager / Analyst

calibration verification
(Icv)

following initial calibration.

compounds within + 30% of true
value.

concentrated standard, plugged
transfer line) found, correct, then
repeat second source verification. If it
still fails, then repeat initial calibration.




Worksheet #24

PFAS Analytical Instrument Calibration - PFAS Lab SOP WC-LC-0025 (See note below)

LC/MS/MS Daily calibration Before sample analysis, after |All reported analytes and labelled Evaluate failure and impact on Lab Manager/Analyst
verification (CCV) every 10 samples, and at the  |compounds within £ 30% of true samples. 1f samples non-detect for
end of the sequence. value. analytes which have a high bias, report

non-detect results with case narrative
comment. For closing CCVs, if
compounds are not identified as
critical compounds of concern report
results with qualifiers. For closing
CCVs, if the compound is identified as
a critical compound of concern, then
recalibrate, and reanalyze all affected
samples since the last acceptable
CCv,;

or

Immediately analyze two additional
consecutive CCVs. If both pass,
samples may be reported without
reanalysis. If either fails, take
corrective action(s) and re-calibrate;
then reanalyze all affected samples
since the last acceptable CCV.

LC/MS/MS Instrument Blanks Immediately following the Concentration of each analyte must |Evaluate data. If acceptance criteria |Lab Manager / Analyst
highest standard analyzed and |be less than 1/2 the LOQ. are not met; additional instrument
prior to samle analysis. blanks must be analyzed until criteria
are met.

! The analyst initiates the corrective action and the lab manager and analyst are responsible for the corrective action.

Please note that TestAmerica Sacramento’s DoD ELAP audit was performed October 2017. Upon completion of this audit their accreditation will be updated to reflect
compliance with QSM 5.1 Table B15 for PFAS. The audit process is expected to be completed and to have a QSM 5.1 certificate on file by January 2018.




WORKSHEET #28

PFAS Analytical Quality Control and Corrective Action

Matrix Aqueous
Analytical Group  [PFAS
Analytical Method/ [Method 537M WS-
SOP Reference LC-0025
. D li M
Frequency / Method / SOP QC . ) Person(s) Responsible ata Qua Ity easurement
QC Sample L Corrective Action . . Indicator Performance
Number Acceptance Limits for Corrective Action (DOI) Criteria

Method Blank

One per preparation
batch

No target analytes
> 1 RL and > 1/10 the
amount measured in any
sample or 1/10 the
regulatory limit
(whichever is greater).

Verify instrument clean (evaluate calibration
blank & samples prior to method blank), then
reanalyze.

Evaluate to determine if systematic issue within
laboratory, correct, then re- prepare and
reanalyze the method blank and all samples
processed with the contaminated blank in

Lab Manager / Analyst

Accuracy/Bias
Contamination

No target analytes
>RL

Internal Standards
(Isotope Dilution
Analytes, spiked
prior to extration)

Every sample,
spiked sample,
standard, and
method blank

% recovery for each IS in
the original sample (prior
to dilutions) must be
within 50 - 150%

Reanalyze once. Assess matrix, dilute and/or re-
extract as needed. Evaluate impact on data.

Lab Manager / Analyst

Accuracy/Bias

25-150 %R

LCS

One LCS per
preparation batch

Laboratory statistically
derived control limits

Reanalyze LCS once. If acceptable, report.
Evaluate samples for detections, and LCS for
high bias. If LCS has high bias, and samples non-
detect, report with case narrative comment. If
LCS has low bias, or if there are detections for
critical chemicals of concern, evaluate and reprep
and reanalyze the LCS and all samples in the
associated prep batch for failed analytes, if
sufficient sample material is available.

Lab Manager / Analyst

Precisions and
Accuracy/Bias

Laboratory
statistically derived
control limits

MS/MSD for all
analytes

One MS/MSD pair
per preparation
batch

Laboratory statistically
derived control limits

Evaluate the data, and re- prepare/reanalyze the
native sample and MS/MSD pair if laboratory
error is indicated.

Lab Manager / Analyst

Precision and
Accuracy/Bias

Laboratory
statistically derived
control limits
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1. SCOPE AND APPLICATION

1.1. This procedure describes the analysis of watel;, smdiment, and tissue samples for
the following compounds using liquid chromatograptgndem mass spectrometry

(LC/IMS/MS).
Compound Name ‘ Abbreviation ‘ CAS #
Perfluoroalkylcarboxylic acids (PFCAS)
Perfluoro-n-butanoic acid PFBA 375-22-4
Perfluoro-n-pentanoic acid PFPeA 2706-90-3
Perfluoro-n-hexanoic acid PFHXxA 307-24-4
Perfluoro-n-heptanoic acid PFHpA 375-85-9
Perfluoro-n-octanoic acid PFOA 335-67-1
Perfluoro-n-nonanoic acid PFNA 375-95-1
Perfluoro-n-decanoic acid PFDA 335-76-2
. . PFUdA
Perfluoro-n-undecanoic acid (PFUNA) 2058-94-8
Perfluoro-n-dodecanoic acid PFDoA 307-55-1
Perfluoro-n-tridecanoic acid PFTrDA 72629-94-8
. . PFTeDA
Perfluoro-n-tetradecanoic acid (PFTA) 376-06-7
Perfluoro-n-hexadecanoic acid PFHxDA 67905-19-5
Perfluoro-n-octadecanoic acid PFODA 16517-11-6
Perfluorinated sulfonic acids (PFSAS)
Perfluoro-1-butanesulfonic acid PFBS 375-73-5
Perfluoro-1-hexanesulfonic acid PFHxS 355-46-4
Perfluoro-1-heptanesulfonic acid PFHpS 375-92-8
Perfluoro-1-octanesulfonic acid PFOS 1763-23-1
Perfluoro-1-decanesulfonic acid PFDS 335-77-3
Perfluorinated sulfonamides (FOSA)
Perfluoro-1-octanesulfonamide \ FOSA 754-91-6
Perfluorinated sulfonamidoacetic acids (FOSAA)
N-ethylperfluoro-1-octanesulfonamidoacetic acid EtFOSAA 2991-50-6
N-methylperfluoro-1-octanesulfonamidoacetic acid MeFOSAA 2355-31-9
Fluorotelomer sulfonates (FTS)
1H,1H,2H,2H-perfluorohexane sulfonate (4:2) 4:2 FTS 757124-72-4
1H,1H,2H,2H-perfluorooctane sulfonate (6:2) 6:2 FTS 27619-97-2
1H,1H,2H,2H-perfluorodecane sulfonate (8:2) 8:2FTS 39108-34-4

Abbreviations in parenthesis are the abbreviatistsd in Method 537, where they
differ from the abbreviation used by the labora®ityMS.

Company Confidential & Proprietary



1.2.

1.3.

1.4.

1.5.

SOP No. WS-LC-0025, Rev. 2.9
Effective Date: 11/22/2017
Page No.: 3 of 59

The working range of the method is listed belowe Tihear range can be extended by
diluting the extracts.

Matrix Nommglizseample Reporting Limit Working Range
Water 250 mL 2.0 ng/L — 20 ug/L 2.0 ng/L - 400 ug/L
Soil/Sediment 59 0.2 ug/kg — 2.0 ug/kg 0.2 ug/kg - 40 ug/kg
Tissue 1g 1.0 ug/kg — 10 ug/kg 1.0 ug/kg — 200 ug/kg

The procedure for the analysis of water samplegmiae solid phase extraction (SPE)
for a subset of the list in Section 1.1 using lehahromatography / tandem mass
spectrometry (LC/MS/MS) on a SCIEX 5500 is desailveAttachment 1 of this SOP.

This procedure also includes direction for prepaand analyzing samples to
determine “Total Oxidizable Precursors”, which naagist in improving understanding
of potential PFAS environmental risk.

When undertaking projects for the Department ofddeé (DoD) and/or the
Department of Energy (DOE) the relevant criteri®ia Policy WS-PQA-021,
“Federal Program Requirements” must be checkedrarwiporated.

SUMMARY OF METHOD

2.1.

2.2.

2.3.

2.4.

Water samples are extracted using a solid phasactivn (SPE) cartridge. PFAS are
eluted from the cartridge with an ammonium hydreximethanol solution.

Soil/sediment/tissue samples are extracted witloaknethanol solution using an
orbital shaker for 3 hours followed by sonication £2 hours. The mixture is
centrifuged and the solvent filtered.

The final 80:20 methanol:water extracts are analynel C/MS/MS. PFAS are
separated from other components on a C18 colunmansgblvent gradient program
using 20 mM ammonium acetate/water and methanloé mass spectrometer detector
is operated in the electrospray (ESI) negativenaae for the analysis of PFAS.

An isotope dilution technique is employed with thisthod for the compounds of
interest. The isotope dilution analytes (IDA) ashsf carbon-13 labeled analogs,
oxygen-18 labeled analogs, or deuterated analotfeafompounds of interest, and
they are spiked into the samples at the time obekbn. This technique allows for the
correction for analytical bias encountered wheryaiirag more chemically complex
environmental samples. The isotopically labeled poumds are chemically similar to
the compounds of concern and are therefore affdntesmple-related interferences to
the same extent as the compounds of concern. Cordpdhbat do not have an
identically labeled analog are quantitated by & method using a closely related
labeled analog.

Company Confidential & Proprietary
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2.5. Quantitation by the internal standard method isleyga for the IDA
analytes/recoveries. Peak response is measurbd assia of the peak.

2.6. Samples for the “Total Oxidizable Precursor’ asSa@yP) are analyzed in two phases
—an aliquot is prepared and analyzed as a nornable, and a second aliquot is
subjected to oxidation with potassium persulfate sodium hydroxide prior to solid
phase extraction and analysis. The total perfluantmaxylic acid value is determined
for each aliquot, and the difference calculated.

DEFINITIONS

3.1. PFCAs: Perfluorocarboxylic acids

3.2. PFSAs: Perfluorinated sulfonic acids

3.3. FOSA: Perfluorinated sulfonamide

3.4. PFOA: Perfluorooctanoic acid

3.5. PFOS: Perfluorooctane sulfonic acid

3.6. MPFOA: Perfluoro-n-[1,2,3,4-13C4]octanoic acidarbon-13 labeled PFOA

3.7. MPFOS: Perfluoro-1-[1,2,3,4-13C4]octanesulfaaied. Carbon-13 labeled PFOS

3.8. PTFE: Polytetrafluoroethylene (e.g., Tefiyn

3.9. SPE: Solid phase extraction

3.10. PP: Polypropylene

3.11. PE: Polyethylene

3.12. HDPE: High density polyethylene

3.13. IDA: Isotope dilution analyte

3.14. Further definitions of terms used in this SOP maydund in the glossary of the
Laboratory Quality Assurance Manual (QAM).

INTERFERENCES

4.1. PFAS have been used in a wide variety of manufexgfyorocesses, and laboratory

supplies should be considered potentially contatathantil they have been tested and
shown to be otherwise. The materials and suppBes during the method validation

Company Confidential & Proprietary



4.2.

4.3.

4.4,

4.5.

4.6.

SOP No. WS-LC-0025, Rev. 2.9
Effective Date: 11/22/2017
Page No.: 5 of 59

process have been tested and shown to be clease Tiems are listed below in
Section 6.

To avoid contamination of samples, standards apgped in a ventilation hood in an
area separate from where samples are extracted.

PTFE products can be a source of PFOA contaminafitve use of PTFE in the
procedure should be avoided or at least thorouigisied before use. Polypropylene
(PP) or polyethylene (PE, HDPE) products may bel us@lace of PTFE products to
minimize PFOA contamination.

4.3.1. Standards and samples are injected from polypropyeitosampler vials
with polypropylene screw caps once. Multiple itj@es may be performed
on Primers when conditioning the instrument forlgsia.

4.3.2. Random evaporation losses have been observedheitholypropylene caps
causing high IDA recovery after the vial was pumnetband sample re-
injected. For this reason, it is best to injeanstards and samples once in
the analytical sequence.

4.3.3. Teflon-lined screw caps have detected PFAS at lmnveentrations.
Repeated injection from the same teflon-lined saraprhave detected
PFNA at increasing concentration as each repeajection was performed,
therefore, it is best to use polypropylene screpsca

Volumetric glassware and syringes are difficultkean after being used for solutions
containing high levels of PFOA. These items shdnddabeled for use only with
similarly concentrated solutions or verified clgaior to re-use. To the extent
possible, disposable labware is used.

Both branched and linear PFAS isomers can potgnbalfound in the environment.
Linear and branched isomers are known to exisPEDS, PFOA, PFHxS, PFBS,
EtFOSAA, and MeFOSAA based upon the scientifigditere. If multiple isomers are
present for one of these PFAS they might be adigoeaiks that completely resolve or
not, but usually with a deflection point resolvadidg peak integration. The later of
these peaks matches the retention time of itséddeiear analog. In general, earlier
peaks are the branched isomers and are not the eépeak splitting.

As of this writing, only PFOS, PFOA, and PFHxS esenmercially available as
technical mixtures. These reference standardseotieichnical mixtures for these
specific PFAS are used to ensure that all appreppeaks are included during peak
integration.

In an attempt to reduce PFOS bias, it is requinatintyz 499>80 transition be used as
the quantitation transition.

Company Confidential & Proprietary
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4.7. Per the Certificate of Analysis for labeled perfioloexadecanoic acid (13®FHxDA)
produced by Wellington Laboratories, the stock déad contains roughly 0.3% of
native perfluorohexadecanoic acid. This equatesughly 0.30 ng/L or 0.015 ug/kg of
perfluorohexadecanoic acid expected in all samgoheisblanks.

SAFETY

Employees must abide by the policies and proceduorém Corporate Safety Manual,
Sacramento Supplement to the CSM, and this docunfdhtvork must be stopped in the
event of a known or potential compromise to thdthea safety of an associate. The situation
must be reportetmmediately to a supervisor, the EH&S Staff, or a senior manage

5.1. Specific Safety Concerns

5.1.1. Preliminary toxicity studies indicate that PFAS ktbhave significant toxic
effects. In the interest of keeping exposure asllow as reasonably
achievable, PFAS must be handled in the laboratsityazardous and toxic
chemicals.

5.1.2. Exercise caution when using syringes with attadhied disc assemblies.
Application of excessive force has, upon occastansed a filter disc to
burst during the process.

5.1.3.  Laboratory procedures such as repetitive use @tpipepetitive transferring
of extracts and manipulation of filled separatargriels and other glassware
represent a significant potential for repetitivetimio or other ergonomic
injuries. Laboratory associates performing thesegdures are in the best
position to realize when they are at risk for thigges of injuries.

Whenever a situation is found in which an emplaggeerforming the same
repetitive motion, the employee shall immediateindp this to the attention
of their supervisor, manager, or the EH&S stafhe Task will be analyzed
to determine a better means of accomplishing it.

5.1.4. Eye protection that satisfies ANSI Z87.1 (as perTestAmerica Corporate
Safety Manual), laboratory coat, and nitrile glovesst be worn while
handling samples, standards, solvents, and reagBigposable gloves that
have been contaminated will be removed and disdaxtler gloves will be
cleaned immediately.

5.1.5.  Perfluorocarboxylic acids are acids and are notpairle with strong
bases.

5.1.6. The use of vacuum systems presents the risk obidnpd glassware. All
glassware used during vacuum operations must lveugbly inspected
prior to each use. Glass that is chipped, scratatradked, rubbed, or
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marred in any manner must not be used under vacliumnust be removed

from service and replaced.

5.2. Primary Materials Used

The following is a list of the materials used irstmethod, which have a serious or
significant hazard rating. NOTE: This list doet mclude all materials used in the
method. The table contains a summary of the pgirhazards listed in the SDS for
each of the materials listed in the table. A catlist of materials used in the
method can be found in the reagents and mategat®a. Employees must review the
information in the SDS for each material beforengst for the first time or when there
are major changes to the SDS.

Glass containers are not to be used for “tumbls@l samples.

Material Hazards Exposure Limit @ Signs and Symptoms of Exposure
Acetic Acid (3- | Corrosive 10 ppm-TWA Contact with concentrated solution may cause
2-1) Poison 15 ppm-STEL serious damage to the skin and eyes. Inhalation of
Flammable concentrated vapors may cause serious damage
to the lining of the nose, throat, and lungs.
Breathing difficulties may occur.
Ammonium Corrosive 50 ppm-TWA Severe irritant. Effects from inhalation of dust or
Hydroxide (3- | Poison mist vary from mild irritation to serious damage to
0-0) the upper respiratory tract. Symptoms may
include sneezing, sore throat or runny nose.
Contact with skin can cause irritation or severe
burns and scarring with greater exposures.
Causes irritation of eyes, and with greater
exposures it can cause burns that may result in
permanent damage, including blindness. Brief
exposure to 5000 PPM can be fatal.
Hexane (2-3-0) | Flammable 500 ppm-TWA Inhalation of vapors irritates the respiratory tract.
Irritant Overexposure may cause lightheadedness,
nausea, headache, and blurred vision. Vapors may
cause irritation to the skin and eyes.
Hydrochloric Corrosive 5 ppm (Ceiling) Can cause pain and severe burns upon inhalation,
Acid (3-0-1) Poison ingestion, eye or skin contact. Exposure to
concentrated solutions may cause deep
ulcerations to skin, permanent eye damage,
circulatory failure and swallowing may be fatal.
Methanol (2-3- | Flammable 200 ppm (TWA) A slight irritant to the mucous membranes. Toxic
0) Poison effects exerted upon nervous system, particularly
Irritant the optic nerve. Symptoms of overexposure may

include headache, drowsiness and dizziness.
Methyl alcohol is a defatting agent and may cause
skin to become dry and cracked. Skin absorption
can occur; symptoms may parallel inhalation
exposure. Irritant to the eyes.
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Material ) Hazards Exposure Limit @ Signs and Symptoms of Exposure
Potassium Corrosive Severe irritant. Can cause severe burns upon
Hydroxide (3- Poison inhalation, ingestion, eye or skin contact.

0-1)

Exposure to concentrated solutions may cause
severe scarring of tissue, blindness, and may be
fatal if swallowed.

Potassium Oxidizer None Causes irritation to the respiratory tract. Symptoms
Persulfate (2- may include coughing, shortness of breath.
0-1-OX) Causes irritation to skin and eyes. Symptoms
include redness, itching, and pain. May cause
dermatitis, burns, and moderate skin necrosis.
Sodium Corrosive 2 mg/cm?® (Ceiling) Severe irritant. Can cause severe burns upon
Hydroxide (3- Poison inhalation, ingestion, eye or skin contact.

0-1)

Exposure to concentrated solutions may cause
severe scarring of tissue, blindness, and may be
fatal if swallowed.

(1) Always add acid to water to prevent violent reactions.
(2) Exposure limit refers to the OSHA regulatory exposure limit.

6. EQUIPMENT AND SUPPLIES

6.1.
6.2.
6.3.
6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

15 mL polypropylene test tubes with polypropyleneess caps.
50 mL graduated plastic centrifuge tubes.

125 mL HDPE bottles with HDPE screw caps.

250 mL HDPE bottles with HDPE screw caps.

Analytical balance capable of accurately weighim¢ghe nearest 0.0001g, and checked
for accuracy each day it is used in accordance WifiQA-0041.

Extract concentrator or nitrogen manifold with watath heating to 50-55°C.

Syringe filter, Millipore Millex-HV 0.45 um, or equalent. Do not use PTFE type
filters.

300 pL autosampler vials, polypropylene, with pobypylene screw caps, Waters PN
1860004112, or equivalent.

SPE columns

6.9.1. Phenomenex Strata SPE C18, 6 mL, 500 mg, part mugi&002-HCH,
Waters SepPak C18, 1 to 10g, or equivalent.

6.9.2.  Waters Oasis WAX 150 mg/6 cc (PN 186002493) fordleanup of solids.
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6.9.3.  Waters Oasis WAX 500 mg/6 cc (PN 186004647) foraetion of PFAS
from agueous sample.

6.9.4. Phenomonex Gemini@n C18 110A, 50 X 2 mm, Part No. 00B-4439-B0.
6.9.5. Phenomonex Lunamm C18(2) 100A, 30 X 3 mm, Part No. 00A-4252-YO0.
Graphitized carbon (Envi-Caf or equivalent).

Vacuum manifold for Solid Phase Extraction (SPE).

Miscellaneous laboratory apparatus (beakers, wbsst volumetric flasks, pipettes,
etc.). These should be disposable where possibiearked and segregated for high-
level versus low-level use.

Water bath: Heated with concentric ring cover cégpabtemperature control (£5°C)
up to 95°C. The bath must be used in a fume hood.

Plastic tub for an ice bath, AKRO-N.S.T. part N6:-180 or equivalent.
pH indicator paper, wide range.

Bottle rotating apparatus for soil extractions.

Glass fiber filter, Whatman GF/F, catalog numbe23.890 or equivalent.

Liquid Chromatography/Tandem Mass SpectrometerNL&IMS) — Either of the
instruments described below, or equivalent, maydeal for this method. Both HPLC
are equipped with a refrigerated autosampler, gction valve, and a pump capable of
variable flow rate. The use of a column heateedgiired to maintain a stable
temperature throughout the analytical run. Daf@agessed using Chrom Peak
Review, version 2.1 or equivalent.

6.18.1. Waters LC/MS/MS

This consists of a Waters Acquity UPLC system faised with a Waters
Quattro Premier tandem mass spectrometer. Thriment control and data
acquisition software is MassLynx version 4.1, onigglent.

6.18.1.1. Analytical column: Waters Acquity UPLC BEH C18 i, 3.0
mm x 150 mm, Part No. 186004690,

6.18.1.2. PFAS Isolator column, Waters Acquity UPLC BEH SHi&P-
18, 1.7 um, 2.1 mm x 50 mm, PN 186004476, or edgmnia
This is plumbed between the UPLC pumps and autoeamp
valve to minimize PFAS background from the UPLCrsat
lines and filters.
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This system consists of a Shimadzu HPLC interfagiéid a SCIEX 5500
Triple Quad MS. The instrument control and datguésition software is
SCIEX Analyst, version 1.6.3 or equivalent.

6.18.2.1. Shimadzu CTO-20AC HPLC equipped with 3 LC-20AD pwmp

and one DGU-20 degassing unit or equivalent.

6.18.2.2.

Phenomenex Gemini;€3 um, 3.0 mm x 100 mm, Part No.

00D-4439-Y0, or equivalent.

6.18.2.3.

PFAS Isolator column, Phenomenex Lung &um, 50 mm x

4.6 mm, part no. 00B-4252-E0 or equivalent. Thiglisnbed
between the UPLC pumps and autosampler valve tomze
PFAS background from the UPLC solvent lines arterfl.

6.19. Preventive and routine maintenance is describédeinable below
HPLC/MS/MS Preventative Maintenance

As Needed:

Change pump seals.

Change in-line filters in autosampler
(HPLC).

Check/replace in-line frit if excessive
pressure or poor performance.

Replace column if no change following in-
line frit change.

Clean corona needle.

Replace sample inlet tube in APCI (10.1
cm).

Replace fused silica tube in ESI interface.
Clean lenses.

Clean skimmer.

Ballast rough pump 30 minutes.

Daily (When in use)

Check solvent reservoirs for sufficient level of
solvent.

Verify that pump is primed, operating pulse
free.

Check needle wash reservoir for sufficient
solvent.

Verify capillary heater temperature functioning.
Verify vaporizer heater temperature.

Verify rough pump oil levels.

Verify turbo-pump functioning.

Verify nitrogen pressure for auxiliary and
sheath gasses.

Verify that corona and multiplier are
functioning.

Semi-Annually

Replace rough-pump oil (4-6 months).
Replace oil mist and odor elements.
Replace activated alumina filter if applicable

Annually
Vacuum system components including fans
and fan covers.

Clean/replace fan filters, if applicable.

7.  REAGENTSAND STANDARDS

7.1.

Reagent grade chemicals shall be used in all wdstaever available. Unless
otherwise indicated, it is intended that all redgestall conform to the specifications

of the Committee on the Analytical Reagents ofAhgerican Chemical Society, where

such specifications are available. Other gradeshmeaused, provided it is first
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ascertained that the reagent is of sufficientlyhipgrity to permit its use without
lessening the accuracy of the determination.

7.1.1.  Acetic acid, glacial

7.1.2.  Ammonium acetate (20 mM in water)

7.1.3.  Ammonium hydroxide (NH4OH), 0.3% in methanol
7.1.4. Hexane

7.1.5. Hydrochloric acid (HCI), 2.0 M solution in water
7.1.6.  Hydrochloric acid (HCI), concentrated, reagent grad
7.1.7.  Methanol

7.1.8.  Potassium hydroxide (KOH), 0.4% in methanol
7.1.9. Potassium persulfate, reagent grade

7.1.10. Ottawa Sand

7.1.11. Sodium hydroxide (NaOH), 0.1N, in water

7.1.12. Sodium hydroxide (NaOH), 10N, reagent grade

7.1.13. Water, Nanopure or Millipore, must be free of ifdeence and target
analytes

Standards

7.2.1.  PFAS are purchased as high purity solids (96% eatgr) or as certified
solutions. Standard materials are verified compéwea second source
material at the time of initial calibration. Thelig stock material is stored
at room temperature or as specified by the manurfacor vendor.

7.2.1.1. Per the Certificate of Analysis for labeled perfinloexadecanoic
acid (13G-PFHxDA) produced by Wellington Laboratories, the
stock standard contains roughly 0.3% of native
perfluorohexadecanoic acid. This equates to roug{d9 ng/L
or 0.015 ug/kg of perfluorohexadecanoic acid exgubat all
samples and blanks.

7.2.2.  If solid material is used for preparing a standatdck standard solutions are
prepared from the solids and are storedaR4C. Stock standard solutions
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should be brought to room temperature before uStandards are
monitored for signs of degradation or evaporatitandard solutions must
be replaced at least annually from the date ofgregon.

PFBS, PFHxS, PFHpS, PFOS, PFDS, MPFOS, and maay BEAS are

not available in the acid form, but rather as tleenresponding salts, such as
sodium or potassium. The standards are prepaedarected for their salt
content according to the equation below.

Massiq = Measured Magg: X MWaciq/ MWqit

Where: MW,q is the molecular weight of PFAA

MW 4 is the molecular weight of the purchased salt.

For example, the molecular weight of PFOS is 50861&hd the molecular
weight of NaPFOS is 523.1193. Therefore, the amotiNaPFOS used
must be adjusted by a factor of 0.956.

Calibration Standards

The calibration stock solution is prepared by dilgtthe appropriate amounts of PFCA
and PFSA stock solutions in 80% methanol/watere @ddibration stock solution is
diluted with methanol to produce initial calibratistandards. These are the normal
calibration levels used. A different range carubed if needed to achieve lower
reporting limits or a higher linear range.

Initial Calibration (ICAL) Levels (ng/mL)

Compound [cs1|cs2|cs3|cs4|css|cs6|csT
Perfluoroalkylcarboxylic acids (PFCAs

PFBA 0.5 1.0 5.0 20 50 200 400
PFPeA 0.5 1.0 5.0 20 50 200 400
PFHxA 0.5 1.0 5.0 20 50 200 400
PFHpA 0.5 1.0 5.0 20 50 200 400
PFOA 0.5 1.0 5.0 20 50 200 400
PFENA 0.5 1.0 5.0 20 50 200 400
PFDA 0.5 1.0 5.0 20 50 200 400
PFUdA 0.5 1.0 5.0 20 50 200 400
PFDoA 0.5 1.0 5.0 20 50 200 400
PFTrDA 0.5 1.0 5.0 20 50 200 400
PFTeDA 0.5 1.0 5.0 20 50 200 400
PFHxDA 0.5 1.0 5.0 20 50 200 400
PFODA 0.5 1.0 5.0 20 50 200 400
Perfluorinated sulfonic acids (PFSAS)

PFBS 0.5 1.0 5.0 20 50 200 400
PFHxS * 0.5 1.0 5.0 20 50 200 400
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Compound CS-1|CS-2|CS-3|CS4|CS-5|Cs-6|Cs-7
PFHpS 0.5 1.0 5.0 20 50 200 400
PFOS * 0.5 1.0 5.0 20 50 200 400
PFDS 0.5 1.0 5.0 20 50 200 400
Perfluorinated sulfonamides (FOSA)

FOSA | 05 | 1.0 | 50 | 20 | 50 | 200 | 400
Perfluorinated sulfonamidoacetic acids (FOSAA)

EtFOSAA 0.5 1.0 5.0 20 50 200 400
MeFOSAA 0.5 1.0 5.0 20 50 200 400
Fluorotelomer sulfonates (FTS)

4:2 FTS 0.5 1.0 2.0 20 50 200 400
6:2 FTS 0.5 1.0 5.0 20 50 200 400
8:2FTS 0.5 1.0 5.0 20 50 200 400
Labeled Isotope Dilution Analytes (IDA)

13C4-PFBA 50 50 50 50 50 50 50
13C5-PFPeA 50 50 50 50 50 50 50
13C2-PFHxA 50 50 50 50 50 50 50
13C4-PFHpA 50 50 50 50 50 50 50
13C4-PFOA 50 50 50 50 50 50 50
13C5-PFNA 50 50 50 50 50 50 50
13C2-PFDA 50 50 50 50 50 50 50
13C2-PFUdA 50 50 50 50 50 50 50
13C2-PFDoA 50 50 50 50 50 50 50
1802-PFHxS 50 50 50 50 50 50 50
13C4-PFOS 50 50 50 50 50 50 50
13C3-PFBS 50 50 50 50 50 50 50
13C2-PFTeDA 50 50 50 50 50 50 50
13C2-PFHxDA 50 50 50 50 50 50 50
13C8-FOSA 50 50 50 50 50 50 50
d5-EtFOSAA 50 50 50 50 50 50 50
d3-MeFOSAA 50 50 50 50 50 50 50
M2-4:2FTS # 50 50 50 50 50 50 50
M2-6:2FTS 50 50 50 50 50 50 50
M2-8:2FTS 50 50 50 50 50 50 50
Internal Standard (1S)

13C2-PFOA | 50 | 50 | 50 | 50 | 50 | 50 | 50

* Both branched and linear isomers are used.
t - This compound is used as a reverse surrogatbddrOP analysis.
Note: Sample extracts are in 80% MeOH®
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Note- The above calibration limits are provided only as an example. The actual ICAL level
used for each analytical batch will depend upon the LOQ requirements of the program. The
concentration of the calibration solutions for non-concentrated extractsis 1/20" the levels
indicated above.

7.5.

7.6.

7.7,

7.8.

7.9.

7.4.1.  Atechnical (qualitative) grade PFOA standard wtdohtains both linear
and branched isomers is used as a retention tifer(Rrker. This is used
to integrate the total response for both linear larashched isomers of PFOA
in environmental samples while relying on the aliialibration with the
linear isomer quantitative standard This tecHr(gaalitative) grade PFOA
standard is analyzed initially, after an initialibeation when a new column
is installed or when significant changes are madbé HPLC parameters.

Initial Calibration Verification Standard (ICV)

A second source solution for PFAS is purchased fitmersame vendor; the PFC-MXB
contains most of the target analytes in this mecamd is used as an ICV. A few
compounds are not available in this mixture, mayt®oavailable as another lot, and
are not available from another vendor. For thesdy#es only, a second analyst may
prepare a second source standard from the sameesmaithe ICAL to produce an ICV.
The recommended concentration of the ICV standaodld be in the mid-range of the
calibration curve. The concentration may be aduigtthe initial calibration levels are
changed or altered. The IDA and IS are addediaed concentration of 50 ng/mL.

LCS/Matrix PFC Spike Solution, 20 ng/mL

The PFC spike solution is prepared by dilutingPdAS to produce a solution
containing each PFAS at a concentration of 20 ngfmrhethanol.

PFC Isotope Dilution Analyte Solution, 50 ng/mL

The PFC-IDA solution is prepared by diluting albéded PFAS to produce a solution
containing each compound at a concentration ofgdthhb in methanol.

Reverse Surrogate Solution, 1000 ng/mL

The reverse surrogate solution is prepared byidgu¥12-4:2 FTS to produce a
solution containing this compound at a concentratib1000 ng/mL in methanol. This
is added to all samples for the TOP assay to mottitoefficiency of the oxidation
process.

Internal Standard Solution, 250 ng/mL

The internal standard solution is prepared by ity 3C2-PFOA to produce a
solution containing this compound at a concentratib250 ng/mL in methanol. This
is added to all extracts prior to analysis. Therimal standard solution used for the
non-concentrated extracts is at a concentrati@®afg/mL.

Company Confidential & Proprietary



SOP No. WS-LC-0025, Rev. 2.9
Effective Date: 11/22/2017
Page No.: 15 of 59

SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1. Water samples are collected in pre-cleaned 250 MPE containers. Soil samples are
collected in pre-cleaned 8 oz. HDPE containerdie©tontainers may also be suitable.
Samples are chilled to 0 - 6°C for shipment toléh@ratory.

8.2. Samples are logged in following normal laboratorygedures and are stored under
refrigeration at 0 - 6°C. Water samples must bdeaeted within 14 days of collection.
Soil samples must also be extracted within 14 @éyg®llection. Tissue samples must
be extracted within 1 year of collection if stord20°C. Extracts must be
refrigerated at 0 - 6°C, and analyzed within 40sdfagm extraction.

NOTE: As of thiswriting, Method 537 provides for a 14 day holding time for water samples
preserved with Trizma buffer. The scientific literature indicates that perfluorinated substances
are highly persistent in the environment. TestAmerica Sacramento has conducted time
stability studies that support a 14 day holding time for aqueous samples with and without
Trizma preservation. TestAmerica Denver has conducted stability studies indicating that
medium- and low-level solutions of PFOA are stable for at least three monthsin polystyrene
and polypropylene plastics at 0-6°C. The 14/40 day holding times given above are based on
the stability study and general EPA convention for the holding time of extractable organic
compounds in water and soil.

QUALITY CONTROL

9.1. Initial Demonstration of Capability (IDOC)

The initial demonstration and method detectiontlifRDL) studies described in
Section 13 must be acceptable before analysisnoples may begin.

9.2. Batches are defined at the sample preparation &afthes should be kept together
through the whole analytical process as far asilples$ut it is not mandatory to
analyze prepared extracts on the same instrumenttloe same sequence. Refer to the
QC program document (WS-PQA-003) for further detaflthe batch definition.

9.2.1.  The quality control batch is a set of up to 20 s pf the same matrix
processed using the same procedure and reagehis thi¢é same time
period. The quality control batch must containatn® spike/matrix spike
duplicate (MS/MSD), a laboratory control sample 8)@nd a method
blank. Laboratory generated QC samples (Blank,,IMMS/MSD) do not
count toward the maximum 20 samples in a batcBldE)C samples are
included in the batch count. In some cases, antctequest, the MS/MSD
may be replaced with a matrix spike and sampleiciaggl. If insufficient
sample is available for an MS/MSD, an LCSD may Udessituted if batch
precision is required by the program or client.tHa event that multiple
MS/MSDs are run with a batch due to client requiats, the additional
MS/MSDs do not count toward the maximum 20 samiplesbatch.
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One method blank (MB, laboratory reagent blank) thesextracted with every
process batch of similar matrix, not to exceed tyw€n0) samples. For aqueous
samples, the method blank is an aliquot of laboyateagent water. For solid samples,
the method blank is an aliquot of Ottawa sand. mieéhod blank is processed in the
same manner and at the same time as the assosaagpies. Corrective actions must
be documented on a Non-Conformance memo, and itingierinented when target
analytes are detected in the method blank aboveegigating limit or when IDA
recoveries are outside of the control limits. R&axction of the blank, other batch QC,
and the affected samples are required when theathétlank is deemed unacceptable.
See policy WS-PQA-003 for specific acceptance gate

9.3.1. If the MB produces a peak within the retention twiadow of any of the
analytes, determine the source of the contaminatnoheliminate the
interference before processing samples.

9.3.2.  The method blank must not contain any analyte abowre the reporting
limit, or at or above 10% of the measured concéptraf that analyte in the
associated samples, whichever is higher.

9.3.3. If there is no target analyte greater than the iRthe samples associated
with an unacceptable method blank, the data magated with qualifiers.
Such action should be taken in consultation withdient.

9.3.4. Re-extraction and reanalysis of samples associgtedan unacceptable
method blank is required when reportable concaatratare determined in
the samples.

9.3.5. Refer to WS-PQA-003 for further details of the eative actions.

9.3.6.  Projects performed under the auspices of the DO D@st meet QSM
specific criteria for method blanks. Results areeptable if the blank
contamination is less than %2 of the reporting ib@Q for each analyte, or
less than 1/10 of the regulatory limit, or lessith#10 of the sample result
for the same analyte, whichever is greater. lftleehod blank does not
meet the acceptance criteria, the source of conttion must be
investigated and measures taken to correct, mieimizliminate the
problem. Reprepare and reanalyze all field ands@®@ples associated with
the contaminated method blank.

A laboratory control sample (LCS) must be extractéth every process batch of
similar matrix, not to exceed twenty (20) samplése LCS is an aliquot of laboratory
matrix (e.g. water for agueous samples and Ottand &r solids) spiked with

analytes of known identity and concentration. TR&S must be processed in the same
manner and at the same time as the associatedesantpbrrective actions must be

Company Confidential & Proprietary



9.5.

9.6.

9.7.

9.8.

SOP No. WS-LC-0025, Rev. 2.9
Effective Date: 11/22/2017
Page No.: 17 of 59

documented on a Non-Conformance memo, then implesdevhen recoveries of any
spiked analyte is outside of the control limitse-&traction of the blank, other batch
QC, and all associated samples are required £ @t is deemed unacceptable. See
WS-PQA-0003 for specific acceptance criteria. Thmtrol limits for the LCS are
stored in TALS.

A matrix spike/matrix spike duplicate (MS/MSD o1¥ED) pair must be extracted
with every process batch of similar matrix, noei@eed twenty (20) samples. An
MS/MSD pair is aliquots of a selected field samgppéked with analytes of known
identity and concentration. The MS/MSD pair musfipocessed in the same manner
and at the same time as the associated samplésed@malytes with recoveries or
precision outside of the control limits must behaitthe control limits in the LCS.
Corrective actions must be documented on a nonomiafoce memo, then
implemented when recoveries of any spiked anakgeatside of the control limits
provided by TALS or by the client.

A duplicate control sample (LCSD or DCS) may beextidthen insufficient sample
volume is provided to process an MS/MSD pair, aetpuested by the client. The
LCSD is evaluated in the same manner as the LE&8.VES-PQA-003 for specific
acceptance criteria.

Initial calibration verification (ICV) —A second scce standard is analyzed with the
initial calibration curve. The concentration shibbk at the mid range of the curve.

Corrective actions for the ICV include:

* Rerun the ICV.

 Remake or acquire a new ICV.

» Evaluate the instrument conditions.

e Evaluate the initial calibration standards.
* Rerun the initial calibration.

Isotope Dilution Analytes

9.8.1. The IDA solution is added to each field and QC danapthe time of
extraction, as described in Section 11. As desedrib Section 7, this
solution consists of isotopically labeled analofjthe analytes of interest.

9.8.2. IDA recoveries are flagged if they are outsidehaf &cceptance limits (25—
150%). Quantitation by isotope dilution generghgcludes any adverse
effect on data quality due to IDA recoveries bedudside of the acceptance
limits as long as the signal-to-nose ratio is gretttan 10:1.
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9.8.2.1. Evaluate data quality for usability, flag and subannon-
conformance memo for any analytes outside of thevery
criteria, and report if data is deemed not advgrsgéected.

9.8.2.2. Re-extraction of samples should be performed ifsigeal-to-
noise for any IDA is less than 10:1 or if the ID&coveries fall
below 10%.

9.8.2.2.1. Re-extraction may be necessary under other
circumstances when data quality has been
determined to be adversely affected.

9.8.2.3.  Projects performed under the auspices of the Do/ D@Dst
meet QSM 5.1 specific criteria for IDA recoveriebigh are 50-
150%. If QC or field samples do not meet thesegatthen re-
extraction is required.

9.9. Internal Standard

9.9.1. The Internal Standard (IS) is added to each fiail @QC samples prior to
analysis. The IS response (peak area) must noatéelyy more than 50%
from the average response (peak area) of thelio#ldoration.

9.9.2. Sample IS response (peak area) must be within 1&Q0%e response (peak
area) in the most recent CCV.

10. CALIBRATION

10.1. For details of the calculations used to generaaelression equations, and how to use
the factors generated by these equations, refeOf® CA-Q-P-003 “Calibration
Curves and Selection of Calibration Points”.

10.2. Routine instrument operating conditions are listethe table in Section 11.17.

10.3. Instrument Tuning

Instrument tuning is done initially when the methedirst developed and thereafter as
needed to maintain the sensitivity and selectigftthe method. Tuning is done by
infusing each individual compound (native and 1D#p the mobile phase using a tee
fitting at a point just before the entrance toelectrospray probe. The responses for
the parent and daughter ions for each compoundkaerved and optimized for
sensitivity and resolution. Mass assignments eviewed and calibrated if necessary.
The mass assignments must be withihn5 amu of the values shown in the table in
Section 11.17.

10.3.1. Once the optimal mass assignments (within £0.5 ahte) are made
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immediately following the initial tune, the lowdsvel standard from the
initial calibration curve is assessed to ensuredtsgnal to noise ratio
greater than 10 to 1 (S/N > 10:1) is achieved &mhePFAS analyte. The
first level standard from the initial calibrationrge is used to evaluate the
tune stability on an ongoing basis. The instrunmeass windows are set
initially at + 0.5 amu of the true value; therefocentinued detection of the
analyte transition with S/N > 10:1 serves as veaiion that the assigned
mass remains within + 0.5 amu of the true valueclvimeets the DoD/DOE
QSM tune criterion. For QSM work, the instrumemstvity check

(section 10.12.4) is also evaluated to ensurettigasignal to noise criteria is
met.

A new calibration curve must be generated afteomajanges to the system or when
the continuing calibration criteria cannot be milajor changes include, but are not
limited to, new columns or pump seals. A new calilbn is not required after minor
maintenance.

With the exception of the circumstances delineatgublicy CA-Q-P-003, it is not
acceptable to remove points from a calibration eurin any event, at least five points
must be included in the calibration curve. Aver&gsponse Factor and linear fit
calibrations require five points, whereas Quadr@scond order) calibrations require
Six points.

A fixed injection volume is used for quantitatioarposes and is to be the same for
both the sample and standards.

All units used in the calculations must be consiyeuniform, such as concentration
in ng/mL.

Initial Calibration

10.8.1. A number of analytical standards of different atelyoncentrations are used
to generate the curve. Each standard is injeated to obtain the peak
response for each analyte at each concentratibeselstandards define the
working range of the analysis.

10.8.1.1. A minimum of five analytical standards is used wiising
average response factor and/or linear calibratten f

10.8.1.2. A minimum of six analytical standards is used whequadratic
fit is used to generate the curve.

10.8.2. Calibration is by average response factor, lingaoff by quadratic fit.
Quadratic fit is used for the analyte if the resg®is non-linear.
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For average response factor (RFa), the relativelata
deviation (RSD) for all compounds quantitated agfaém
identically labeled analog must be < 35% for theveuo be
valid.

For average response factor (RFa), the relativelara
deviation (RSD) for all compounds quantitated agfaanclosely
related labeled analog IDA must be < 50% for thevedo be
valid.

For linear fit, the intercept of the line must lbed than %2 the
reporting limit, and the coefficient of determirati(r2) must be
greater than or equal to 0.990 for the curve todesidered
valid (or the correlation coefficient (r) > 0.995).

The Internal Standard (IS) response (peak area) motsieviate
by more than 50% from the average response (peal af the
initial calibration.

Projects performed under the auspices of the Dol D@Dt
meet QSM 5.1 specific criteria for initial calibiat: The %RSD
of the RFS for all analytes must be <20%. Lineaman-linear
calibrations must havéx0.99 for each analyte. Analytes must
be within 70-130% of their true value for each loadtion
standard.

10.9. Calibration Curve Fits

10.9.1. Linear regression or quadratic curves may be usétithe data to a
calibration function. Detailed descriptions andiiolas for each fitting type
can be found in SOP CA-Q-P-003, “Calibration Curaed Selection of
Calibration Points”.

10.9.2. The linear curve uses the following function:

Equation 1 y=bx+c
Where:
y = W)x Concentrabn (1S)
Area(lS)
X = concentration
b = slope
c = intercept
10.9.3. The quadratic curve uses the following function:
— 2
Equation 2 y=ax" +bx+c
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Where y, x, b, and c are the same as above, ardiaevature.

10.9.4. Evaluation of Calibration Curves
The following requirements must be met for anylraliion to be used:
* Response must increase with increasing conceniratio

« The absolute value of the intercept of a regresanan(linear or non-
linear) at zero response must be less than thetnegpdmit.

* There should be no carryover at or above 1/2 MRérat high CAL
standard.

If these criteria are not met, instrument condsiand standards will be
checked, and the ICAL successfully repeated befonginuing.

10.9.5. Weighting of Calibration Points

In linear and quadratic calibration fits, the peiat the lower end of the
calibration curve have less absolute variance ploants at the high
concentration end of the curve. This can causersexrors in quantitation
at the low end of the calibration. Because acguaithe low end of the
curve is very important for this analysis, it igfarable to increase the
weighting of the lower concentration points. l/cemtration or 1/x
weighting is encouraged. Visual inspection oflthe fitted to the data is
important in selecting the best fit.

10.10. Initial Calibration Blank (ICB)

10.10.1. Immediately following the ICAL, a calibration blamk analyzed that
consists of an injection of 80:20 methanol:watanklcontaining both IDA
and IS.

10.10.2. The result for the calibration blank must be |ésmtthe reporting limit.

10.10.3. If the ICB is greater than the reporting limit thdse source of contamination
must be identified and any necessary cleaning oeteqbl and then the
instrument should be recalibrated.

10.10.4. Projects performed under the auspices of the Do D@st meet QSM 5.1
specific criteria for instrument blanks. One isuigd immediately
following the highest standard analyzed dady prior to sample analysis.
The instrument blank must be < % the LOQ.

10.11. Initial Calibration Verification (ICV)

10.11.1. Following the ICAL and the ICB, an ICV standard abed from a different
source or vendor than the ICAL standards is andlyZéis ICV standard is
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a mid-range standard.

The recovery for the ICV must meet the appropri@lewing criteria:

10.11.2.1. The native analyte must be within or equal to 60%4or all
native analytes quantitated against an identidabigled analog
IDA.

10.11.2.2. The native analyte must be within or equal to 50%5or all
native analytes quantitated against a closelyeadlktbeled
analog IDA.

10.11.2.3. The IDA must be within or equal to 50-150%.

Projects performed under the auspices of the DolEFDst meet QSM 5.1
specific criteria for the ICV. Analyte concentrat®omust be within +30% of
their true values for all analytes, IDA and target.

See Section 9.7 for corrective actions in the ettemitthe ICV does not meet
the criteria above.

Continuing Calibration Verification (CCV)

Analyze a CCV at the beginning of a run, the end nin, and after every 10 samples
to determine if the calibration is still valid. &exception is after an acceptable curve
and ICV are run 10 samples can be analyzed befG@\4is required. The CCVs are
usually at the mid-level range of the curve andustheary throughout the run from

low level (LOQ/RL) to mid level. The curve and 1@ not need to be run every day.
To start an analytical run a CCV can be analyzetlifaih meets acceptance criteria a
run can be started. In addition, the low standattie curve must be analyzed and
must be within + 50% of the expected value.

10.12.1.

10.12.2.

10.12.3.

The recovery for the CCV standards must be equad waithin 60-140% for
all natives quantitated against an identically labeanalog and equal to or
within 50% to 150% for all natives quantitated agaia closely related
labeled analog. The recovery for the IDA must liw or equal to 50-
150%.

The Internal Standard (IS) response (peak area) Ioeusithin + 50% from
the response (peak area) from the midpoint ofrilimi calibration.

10.12.2.1. Sample IS response (peak area) must be within +&0¥%e
response (peak area) in the most recent CCV.

If this is not achieved, the instrument has drifvedlside the calibration
limits. The instrument must be recalibrated.
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10.12.4. Projects performed under the auspices of the Do D@st meet QSM 5.1
specific criteria for CCV. All analyte concentrat®must be within £ 30%
of their true value. Additionally, prior to analgsand at least once every 12
hours an instrument sensitivity check (ISC/CCVL)stioe analyzed. The
analyte concentrations must be at LOQ and the ctrat®ns must be
within £ 30% of their true value. This can be ussc CCV.

PROCEDURE

11.1.

11.2.

One-time procedural variations are allowed onlyaémed necessary in the
professional judgment of a supervisor to accommneodatiation in sample matrix,
chemistry, sample size, or other parameters. Amation in procedure shall be
completely documented using an Non-Conformance M@#w@M). The NCM process
is described in more detail in SOP WS-QA-0023. Ni@&M shall be filed in the
project file and addressed in the case narrative.

Any deviations from this procedure identified afiee work has been completed must
be documented in an NCM, with a cause and cormeetotion described.

Water Sample Preparation

11.2.1. Visually inspect samples for the presence of sketled/or suspended
sediment/particulate. Evaluate if the sample caddmanted or centrifuged;
if not, contact the client for guidance. Filteritigg sample can lead to a low
bias.

11.2.2. If authorized by the client to filter the sampldtef the water sample
through a glass fiber filter (Whatman GF/F Cat Ns@4 090 or equivalent).
Gravity or vacuum can be used to pass the samyagh the filter. Prepare
a filtration blank with any samples requiring fdtron. File an NCM noting
the need for filtration.

Warning: The use of a vacuum system creates therisk of glasswareimplosion.
Inspect all glassware prior to use. Glassware with chips, scratches, rub marks or
cracks must not be used.

11.2.3. Weigh the sample container prior to extraction teh weigh the sample
container after extraction to determine the int@lume. Unless otherwise
directed by client, use the entire sample volume.

11.2.4. Prepare additional aliquots of a field sample Fer MS/MSD, if requested.

11.2.5. Prepare two 250 mL aliquots of HPLC-grade watettiermethod blank and
LCS.

11.2.6. Spike the LCS and MS/MSD (if requested) with 0.5 aflthe LCS/Matrix
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PFC Spike solution (Section 7.6). This will resala sample concentration
of 40 ng/L.

11.2.7. Add 0.5 mL of the IDA PFC solution (Section 7.7)areach sample and QC
sample, for a fixed concentration of 50 ng/mL ia fimal sample vial.

11.3. Solid Phase Extraction (SPE) of Aqueous Samples

The automated Zymark Auto-Trace Workstation can be used as long as the program
follows these conditions and passes the background check.

11.3.1. Condition the SPE cartridges (Waters WAX, 500 nagbby passing the
following without drying the column.

NOTE: The cartridges should not be allowed to go dry until the final elution step with
methanol. At all of the other transition steps, the solvent/sample level should be
stopped at the top of the column before the next liquid is added.

WARNING: The use of a vacuum system createstherisk of glasswareimplosion.
I nspect all glassware prior to use. Glasswar e with chips, scratches, rub marksor
cracks must not be used.

11.3.2. Wash with 5.0 mL of 0.3% N¥DH/methanol.

11.3.3.  Wash with 5.0 mL of 0.1N NaOH/water. Close valvean ~ 200 uL
remains on top to keep column wet. After this step columns cannot go
dry until the completion of loading and rinsing sdes.

11.3.4. Appropriately label the columns and add the reseteche column.

11.3.5. Add samples to the columns and with vacuum, pellghtire 250 mL
aliquot of the sample through the cartridge atta oh approximately 2 to 5
drops per second.

11.3.6. After the final loading of the sample but beforengdetely passed through
the column, rinse the SPE column with 1 mL of water

11.3.7. After the sample and water rinse have completebg@d through the
cartridge, allow the column to dry well with vacudion 15 minutes.

11.4. SPE Column Wash of Aqueous Samples with Hexane

11.4.1. Load the first 5 mL of hexane to soak for five ntesiand then elute to
waste.

11.4.2. Load the second 5 mL of hexane and elute to wastedut a soaking
period).
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Allow the column to dry with vacuum for 5 to 10 rates. Columns must be
dried before continuing.

SPE Elution of Aqueous Samples — using 15 mL polyplene test tubes as receiving
tubes in the SPE manifold.

11.5.1.

11.5.2.

11.5.8.

11.5.4.

Rinse sample bottles with 5 mL of 0.3% MbH/methanol and transfer to
the column reservoir onto the cartridge. Allow swodution to soak for 5
minutes and then elute into the 15 mL collectidmetu

Repeat sample bottle to column reservoir rinsecanttidge elution with a
second 5 mL aliquot of 0.3% NBH/methanol. The total collection should
be approximately 10 mL.

Note: If the extracts will not be concentrated elute extract with a total of
8 mL of 0.3% NHsOH/methanoal.

Proceed to Section 11.15.2 (Graphitized Carbonr@igpas needed. This
required for all DoD/DOE extracts.

Extract Concentration for Aqueous Extracts (Ndtéhe extract will not be
concentrated, proceed to Section 11.7.)

11.6.1.

11.6.2.

11.6.3.

11.6.4.

11.6.5.

11.6.6.

11.6.7.

Prior to concentrating each sample, add 100 uLaiéw

Concentrate each sample under a gentle streantrofen until the
methanol is evaporated and the 100 uL of water irgsna

11.6.2.1. This blow down must take a minimum of 3.5 hours.

11.6.2.2. Extracts can not remain in the water bath longen th minutes
once concentrated.

Add 300 uL of methanol and mix the contents welhgs vortex mixer.

Add 100 uL of Internal Standard (IS) 250 ng/mL cemication solution to
each extract and vortex to mix.

This will create an extract with a final solventmoosition of 80:20
methanol:water.

Transfer a portion of the extract to a 300 uL pobygylene autosampler vial
(7 drop-wise or approximately % filled is suffictgn Archive the rest of the
extracts for re-injection and dilution.

Seal the vial with a polypropylene screw cap. Nd&flon lined caps can
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not be used due to detection of low level concdéiomaof PFAS.

11.7. Final volume for non-concentrated extract

11.8.

11.7.1.

11.7.2.

11.7.3.

If the extract does not undergo concentration a8drlL of IS 50 ng/mL
concentration and 2 mL of water to the extractsiil create an extract
with a final solvent composition of 80:20 methanaiter.

11.7.1.1. Seal the test tube tightly. Invert container seM@mges and then
vortex. Allow extract to settle for 10 minutes prto moving to
the next step.

Transfer a portion of the extract to a 300 uL pobygylene autosampler vial
(7 drop-wise or approximately % filled is suffictgnArchive the rest of the
extracts for re-injection and dilution.

Seal the vial with a polypropylene screw cap. Ndtflon lined caps cannot
be used due to detection of low level concentrabibRFAS.

Soil, Sediment and Tissue Sample Preparation atrddion

11.8.1.

11.8.2.

11.8.3.

11.8.4.

11.8.5.

Visually inspect soil samples for homogeneity.

11.8.1.1. Projects performed under the auspices of the Dol DMst
have the entire sample homogenized prior to sublsagnp
accordance with QSM 5.1 criteria (see SOP WS-QAZD01

Weigh a representative 5 g aliquot of soil, sedinoerl g of tissue sample
into a 50 mL HDPE wide-mouth bottle. Weigh addiabsample amounts
for the matrix spike and matrix spike duplicatelgses if they are
requested.

For the method blank and LCS matrix, use 5 g ea€hitawa sand or 0.1 g
of ail.

Spike the LCS and MS/MSD (if requested) with 1.0 aflthe LCS/Matrix
PFC Spike solution (Section 7.6). This will resala sample concentration
of 4.0 ng/g.

11.8.4.1. Spike non-concentrated samples at 0.5 mL of LCSIMBIFFC
Spike Solution.

Add 1.0 mL of the IDA PFC solution (Section 7.7)areach sample and QC
sample, for a fixed concentration of 50 ng/mL ia fimal sample vial.

11.8.5.1. Spike non-concentrated samples at 0.5 mL of IDA Beition.
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11.8.6. Cap the bottles and allow the spike to settle theosample matrix. Gently
shake the bottles to mix the spike into the matrix.

11.8.7. Add 20 mL of 0.4% KOH/methanol to each sample.
11.8.8. Shake each sample on an orbital shaker at roometetuype for 3 hours.

11.8.9. Following the shaking, extract the samples in darasbnic water bath for an
additional 12 hours.

11.8.10. After the completion of extraction, centrifuge eaample at 3500 rpm for
15 minutes.

11.8.11. Collect and decant the KOH/methanol extract tova 5@ mL centrifuge
tube.

11.8.12. Add another 2 mL of 0.4% KOH/methanol solutiontie tesidue, briefly
shake to mix and centrifuge at 3500 rpm for 15 n@su

11.8.13. Combine the rinsate to the first corresponding sube
11.8.14. To the final KOH/methanol extract, add 2 mL of wateeach.

11.8.15. Concentrate the KOH/methanol/water extract undeogen to less than 2
mL, and dilute with water to 15 mL final volume.

11.8.16. Acidify with 80 uL of glacial acetic acid, and mitke contents well with
vortex mixer. Check the pH to ensure pH is betw&énm 8.

11.8.17. Centrifuge at 3500 rpm for 15 minutes.

Solid Extract Cleanup by SPE
Set up WAX 150 mg/6 cc SPE columns for sample elparsing vacuum manifold.

11.9.1. Condition the SPE cartridges by passing the folhmwvithout drying the
column.

NOTE: The cartridges should not be allowed to go dry until the final elution step with
methanol. At all of the other transition steps, the solvent/sample level should be
stopped at the top of the column before the next liquid is added.

WARNING: The use of a vacuum system createstherisk of glasswareimplosion.
I nspect all glassware prior to use. Glasswar e with chips, scratches, rub marksor
cracks must not be used.

11.9.2. Wash with 5.0 mL of 0.3% N¥DH/methanol.
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11.9.3. Wash with 10 mL of 0.1N NaOH/water. Close valveewh- 500uL remains
on top of column to keep column weAfter this step, the columns cannot go
dry until the completion of loading and rinsing samples.

11.9.4. Add extracts to the columns and with vacuum, phél éntire extracts
through the cartridge at rate of approximately 3 tirops per second.

11.9.5. Rinse the sample tube with 5 mL of water and adtiedSPE column.
11.9.6. Dry the columns with vacuum for 15 minutes.

11.10. SPE Column Wash of Solid Extracts with Hexane
11.10.1. Load the first 5 mL of hexane to soak for five ntes) and elute to waste.

11.10.2. Load the second 5 mL of hexane and elute to wastedut a soaking
period).

11.10.3. Allow the column to dry with vacuum for 10 minut&onlumns must be
dried before continuing.

11.11. SPE Elution of Solid Extracts — using 15 mL polypylene test tube as receiving tube
in the SPE manifold.

11.11.1. Rinse extraction bottles with 5 mL of 0.3% MPH/methanol and transfer to
the column reservoir onto the cartridge. Allow Hudution to soak for 5
minutes and then elute into the 15 mL collectidretu

11.11.2. Repeat extract bottle to column reservoir rinse @nrtridge elution with a
second 5 mL aliquot of 0.3% NBH/methanol. The total collection should
be approximately 10 mL.

11.11.3. Note: If the extractswill not be concentrated elute extract with atotal of
8 mL of 0.3% NHsOH/methanol.

11.11.4. Proceed to Section 11.15.2 (Graphitized Carbonr@igras needed. This is
required for all DoD/DOE extracts.

11.12. Extract Concentration for Solid Samples (Notehéd extract will not be concentrated,
proceed to Section 11.7)

11.12.1. Prior to concentrating each sample, add 200 uLaiéw

11.12.2. Concentrate each sample under a gentle streanrofen until the
methanol is evaporated and the 200 uL of water irgsna
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This blow down must take a minimum of 3.5 hours.

Extracts can not remain in the water bath longen th minutes
once concentrated.

Add 600 uL of methanol and mix the contents weihgs
vortex mixer.

Add 200 uL of Internal Standard (IS) 250 ng/mL cemication
solution to each extract and vortex to mix.

11.12.3. Transfer a portion of the extract to a 300 uL pabygylene autosampler vial
(7 drop-wise or approximately % filled is suffictgn Archive the rest of the
extracts for re-injection and dilution.

11.12.4.

Seal the vial with a polypropylene screw c&jnte: Teflon lined caps can
not be used due to detection of low level concentration of PFAS,

Product/Dispersion Samples

11.13.1.

11.13.2.

11.13.3.

11.13.4.

11.13.5.

Check the solubility of the material in both metblband water

11.13.1.1.

11.13.1.2.

If the material is soluble in water, dilute 0.5 mt.sample into
250 mL of DI water and proceed to Section 11.3dfelwater
extraction procedures). Fortify sample appropnatgth IDA or
PFC spike solution, see Section 11.2.

If the material is soluble in methanol, dilute {ifgsolid) or 1
mL (if liquid) of material into 10 mL of methanaWigOH).

11.13.1.2.1f the material does not completely dissolve, conta
your immediate supervisor.

Take 100 uL of the 10 mL solution and dilute itl® mL in MeOH.

Take a 1 mL aliquot of this solution (effectiveudibn of 1000x (1 mg for
solid or 0.001 mL for liquid)) and fortify with 0.B1L of labeled IDA
solution (Section 7.7).

DO NOT PASS EXTRACT THROUGH SPE CARTIRIDGE (omieps
11.9-11.11).

Proceed to Section 11.6 of this SOP for extractentration.

11.14. TOP (Total Oxidizable Precursor) Assay

11.14.1. Prepare 3-250 mL HDPE containers with HPLC grademia create the
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needed QC Samples (MB, LCS/LCSD).

11.14.2. Prepare enough 125 mL HDPE containers as needed f&re” and “Post”
samples, including QC. Label each appropriately.

11.14.3. Spike the “Pre” and “Post” MB 125 mL containersiw®5 ulL of the reverse
surrogate solution of M2-4:2 FTS (Section 7.8).

11.14.4. Spike the “Pre” and “Post” LCS/LCSD 125 mL contaswith 0.5 mL of
the LCS Spike solution (Section 7.6), both regalad “add-on”, and 25 uL
of the reverse surrogate solution (Section 7.8).

11.14.5. Remove the methanol solvent from all Post QC samptemL containers
(MB and LCS/LCSD) by using N2 evaporation.

11.14.6. Subsample 100 mL aliquots of water from each fsglthple and QC from
the 250 mL containers into each of the correspand2b mL containers for
both the “Pre” and “Post” samples. Spike all “Pa@t “Post” samples with
25uL of the reverse surrogate solution (Sectioi. 7.8

11.14.7. Set aside all “Pre” sample containers.

11.14.8. Add 2g of potassium persulfate and 1.9 mL of 10N\DN&o each “Post”
sample container.

11.14.9. Heat each “Post” sample container in a water b@) @t 85°C for 6 hours.

11.14.10.After digestion for 6 hours, place the “Post” saenpbntainers in an ice bath
for 30 minutes.

11.14.11.Adjust the pH of “Post” samples and associated @Ti@ts to 7 with
concentrated HCI. Use pH paper to determine the pH.

11.14.12.Spike both “Pre” and “Post” samples and their asded QC samples with
0.5 mL of PFC IDA solution (Section 7.7), both reguand add-on.

11.14.13.Use the following SPE procedure for both “Pre” 8Rdst” samples:

11.14.13.1Set up WAX 150 mg/6 cc SPE columns for sample ettra
using a vacuum manifold.

11.14.13.2.Establish a sample loading flow rate of 1 mL/menfdr each
port of the vacuum manifold, for as many ports dshe used
simultaneously during sample loading.
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11.14.13.3.Wash/condition the SPE column with 5 mL of 0.3%
NH,OH/Methanol, then 5 mL water.

11.14.13.4.Load 100 mL of sample onto the SPE cartridgefetvarate of
1 mL/minute.

11.14.13.5.Add 5 mL rinse water

11.14.13.6. After the sample and water rinse have completabsed
through the column, allow it to dry well using vaoo with a
flow rate of 1 mL/minute for 15 minutes.

11.14.13.7Wash the SPE column with 10 mL hexane rinse elwlhtp
waste.

11.14.13.8.Allow the column to dry well using vacuum withlaw rate of
1 mL/minute for 5 minutes. Columns must be dry befo
continuing.

11.14.13.9Elute the samples into 15 mL polypropylene tesetuin the
SPE manifold by rinsing each 125 mL sample containth 5
mL of 0.3% NHOH/methanol, and add to the SPE cartridge as
eluent.

11.14.13.10Repeat with another 5 mL of 0.3% NBH/methanol.
11.14.13.11 Collect the 10 mL of eluent and concentrate peti&ed 1.6.

11.15. Other Types of Sample Cleanup

11.15.1.

11.15.2.

Freezing technique to remove lipids.

If samples contain lipids then freeze the methammttract and QC extracts
at -20°C for at least 1 hour. Collect the solvent layer.

Cleanup with graphitized carbon will be appliecatbsamples as needed but
is required for all DoD/DOE extracts.

11.15.2.1. Add 100 mg of graphitized carbon to each sampleaekand
QC extracts.

11.15.2.2. Shake vigorously and then let sit for 10 minutes.
11.15.2.3. Centrifuge each sample for 2 minutes at 1000 rpm.
11.15.2.4. Decant the solvent layer

11.15.2.5. Proceed to Section 11.6, 11.7 or 11.12 as appécabl
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11.16. AFFF Sample Preparation

11.16.1.

11.16.2.

11.16.3.

11.16.4.

QC for AFFF samples consists of a method blan&bariatory control
sample and a sample or matrix duplicate only. Ndrixspike or matrix
spike duplicate is needed.

Perform a 1,000,000 X serial dilution of the AFFple. Dilute 1 mL of
AFFF sample to 1L with laboratory supplied wat&hen dilute 1mL of this
dilution to 1L with laboratory supplied water.

11.16.2.1. Be sure to retain all dilutions should the inigalalysis warrant
re-analysis at higher concentration.

Subsample 2.0 mL of this dilution and fortify widktb mL IDA solution and
0.5mL of IS (50 ng/mL) solution: then add 7.0 mLnoéthanol.

Transfer a portion of the sample to a 300 uL papgtene autosampler vial
(7 drop-wise or approximately % filled is suffictgn Archive the rest of the
sample for re-injection or dilution.

11.17. Instrument Analysis
Suggested operating conditions are listed belovwtheWaters LCMS system:

Recommended Instrument Operating Conditions

HPLC Conditions (Waters Acquity UPLC)

Column (Columntemp =50 °C) Waters Acquity BEH 1.7um C18, 3.0 x 150 mm
Mobile Phase Composition A =20 mM Ammonium Acetate in Water B = Methanol
Time %A %B Curve Flow Rate - mL/min.
0 98 2 6 0.30
1 98 2 6 0.30
2 50 50 6 0.30
Gradient Program 12 10 90 6 0.30
12.5 0 100 6 0.30
16 0 100 6 0.30
16.2 98 2 6 0.30

Maximum pressure limit = 15,000 psi

Injection Size

10 pL (fixed amount throughout the sequence)

Run Time

~20 minutes

Mass Spectrometer Interface Settings (Quattro Premier XE)

MS Interface Mode

ESI Negative lon. Minimum of 10 scans/peak.

Capillary (kV)

2.8

Cone (V) Varies from 8.0 to 65
Extractor (V) 3
Source Temp 135°C

Company Confidential & Proprietary




SOP No. WS-LC-0025, Rev. 2.9
Effective Date: 11/22/2017
Page No.: 33 of 59

Desolvation Temp

350°C

Cone Gas (nitrogen) Flow

25 L/hour

Desolvation Gas (nitrogen) Flow

1100 L/hour

Recommended Instrument Operating Conditions
Mass Spectrometer Scan Settings (Quattro Premier XE )
Dwell | Cone Col. Function
Compound Comments Reaction (MRM) (sec) Volt. | Energy | Number
PFBA Native analyte 213> 169 0.02 8 10 1
13C4-PFBA IDA 217 > 172 0.02 12 10 1
PFPeA Native analyte 263 > 219 0.02 10 10 2
13C5-PFPeA IDA 268 > 223 0.02 11 9 2
PFBS Native analyte 299 > 80 0.02 45 35 2
PFBS 2 Native analyte 299 > 99 0.02 45 35 2
13C3-PFBS IDA 302 > 83 0.02 45 35 2
PFHxA Native analyte 313 > 269 0.02 10 10 3
PFHxA 2 Native analyte 313>119 0.02 10 10 3
13C2-PFHxA IDA 315> 270 0.02 12 9 3
PFHpA Native analyte 363 > 319 0.02 10 10 4
PFHpA_2 Native analyte 363 > 169 0.02 10 10 4
13C4-PFHpA IDA 367 > 322 0.02 12 10 4
PFHxS Native analyte 399 >80 0.02 55 35 4
PFHxS 2 Native analyte 339>99 0.02 55 35 4
1802-PFHxS IDA 403 > 84 0.02 50 40 4
PFOA Native analyte 413 > 369 0.02 12 10 5
PFOA_2 Native analyte 413 > 169 0.02 12 10 5
13C2-PFOA IS 415 > 370 0.02 12 12 5
13C4-PFOA IDA 417 > 372 0.02 12 12 5
PFHpS Native analyte 449 > 80 0.02 60 38 5
PFHpS_2 Native analyte 449 > 99 0.02 60 38 5
PFNA Native analyte 463 > 419 0.02 16 10 7
PFNA_2 Native analyte 463 > 169 0.02 16 10 7
13C5-PFNA IDA 468 > 423 0.02 12 12 7
PFOS Native analyte 499 > 80 0.02 60 40 6
PFOS_2 Native analyte 499 > 99 0.02 60 40 6
13C4-PFOS IDA 503 > 80 0.02 35 48 6
PFDA Native analyte 513 > 469 0.02 16 12 8
PFDA_2 Native analyte 513 > 169 0.02 16 12 8
13C2-PFDA IDA 515 > 470 0.02 14 12 8
PFUdA Native analyte 563 > 519 0.02 15 12 10
PFUdA_2 Native analyte 563 > 169 0.02 15 12 10
13C2-PFUdA IDA 565 > 520 0.02 14 12 10
PFDS Native analyte 599 > 80 0.02 74 48 10
PFDS_2 Native analyte 559 > 99 0.02 74 48 10
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FOSA Native analyte 498 > 78 0.02 40 32 9
13C8-FOSA IDA 506 > 78 0.02 48 32 9
PFDoA Native analyte 613 > 569 0.02 15 14 11
PFDoA_2 Native analyte 613 > 169 0.02 15 14 11
13C2-PFDoA IDA 615 > 570 0.02 16 12 11
PFTrDA Native analyte 663 > 619 0.02 12 12 11
PFTrDA_2 Native analyte 663 > 169 0.02 12 12 11
PFTeDA Native analyte 713 > 169 0.02 12 18 11
PFTeDA 2 Native analyte 713 > 219 0.02 12 18 11
13C2-PFTeDA IDA 715> 670 0.02 15 15 11
PFHXDA Native analyte 813 > 769 0.02 18 15 12
PFHXDA 2 Native analyte 813 > 169 0.02 18 15 12
PFODA Native analyte 913 > 869 0.02 20 16 12
PFODA 2 Native analyte 913> 169 0.02 20 16 12
13C2-PFHxXDA IDA 815> 770 0.02 18 15 12
EtFOSAA Native analyte 584 > 419 0.02 35 20 9
d5-EtFOSAA IDA 589 > 419 0.02 30 25 9
MeFOSAA Native analyte 570 > 419 0.02 30 28 9
d3-MeFOSAA IDA 573 > 419 0.02 30 25 9
4:2FTS Native analyte 327 > 307 0.02 40 30 5
M2-4:2FTS Reverse Surrogate 329 >81 0.02 40 30 5
6:2FTS Native analyte 427 > 407 0.02 40 30 5
M2-6:2FTS IDA 429 > 81 0.02 40 28 5
8:2FTS Native analyte 527 > 507 0.02 40 28 8
M2-8:2FTS IDA 529 > 81 0.02 40 28 8
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Recommended Instrument Operating Conditions
Retention Times & Quantitation (Quattro Premier XE)
Native Typical Native IS analog Typical IDA RT Quantitation Method
Compounds RT (minutes) (minutes)
PFBA 477 13C4-PFBA 4.79 Isotope Dilution
PFPeA 5.90 13C5-PFPeA 5.92 Isotope Dilution
PFBS 6.01 13C3-PFBS 6.01 Isotope Dilution
PFHxA 7.22 13C2-PFHxA 7.25 Isotope Dilution
PFHpA 8.57 13C4-PFHpA 8.59 Isotope Dilution
PFHxS 8.60 1802-PFHxS 8.64 Isotope Dilution
PFOA 9.80 13C4-PFOA 9.83 Isotope Dilution
PFHpS 9.80 13C4-PFOS 10.90 Isotope Dilution
PFNA 10.88 13C5-PFNA 10.92 Isotope Dilution
PFOS 10.87 13C4-PFOS 10.90 Isotope Dilution
PFDA 11.82 13C2-PFDA 11.86 Isotope Dilution
FOSA 12.41 13C8-FOSA 12.46 Isotope Dilution
PFDS 12.57 13C4-PFOS 10.90 Isotope Dilution
PFUdA 12.62 13C2-PFUdA 12.66 Isotope Dilution
PFDoA 13.32 13C2-PFDoA 13.34 Isotope Dilution
PFTrDA 13.91 13C2-PFDoA 13.34 Isotope Dilution
PFTeDA 14.39 13C2-PFTeDA 14.39 Isotope Dilution
PFHXDA 15.16 13C2-PFHxDA 15.16 Isotope Dilution
PFODA 15.57 13C2-PFHXDA 15.16 Isotope Dilution
EtFOSAA 12.63 d5-EtFOSAA 12.62 Isotope Dilution
MeFOSAA 12.3 d3-MeFOSAA 12.28 Isotope Dilution
4:2FTS 7.02 M2-6:2FTS 10.08 Isotope Dilution
6:2FTS 10.08 M2-6:2FTS 10.08 Isotope Dilution
8:2FTS 11.95 M2-8:2FTS 11.95 Isotope Dilution
Recommended Instrument Operating Conditions
HPLC Conditions (Shimadzu HPLC)
Column (Column temp =45 °C) Phenomenex Gemini 3 um C18 110A, 50 X 2 mm

Mobile Phase Composition

A =20 mM Ammonium Acetate in Water

B = Methanol

Gradient Program

Time %A %B Flow Rate - mL/min
0 90 10 0.60
0.1 45 55 0.60
4.5 1 99 0.60
4.95 1 99 0.60
5 90 10 0.60

Maximum pressure limit = 5,000 psi

Injection Size

2 pL (fixed amount throughout the sequence). If non-concentrated

extract then use 20 uL.
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Run Time

~6.6 minutes

Mass Spectrometer Interface Settings (SCIEX 5500)

MS Interface Mode ESI Negative lon. Minimum of 10 scans/peak.
lon Spray Voltage (kV) 4.5

Entrance Potential (V) 5

Declustering Potential (V) 25

Desolvation Temp 600°C

Curtain Gas 35 psi

Collision Gas 8 psi

Recommended Instrument Operat

ing Conditions

Mass Spectrometer Scan Settings (SCIEX 5500)

Cell
Ent. Col. Exit Typ
Reaction Dwell | Pot. Energy | Declu. Pot. RT

Compound Comments (MRM) (sec) (V) (V) Pot. (V) | (V) (Min)
PFBA Native analyte 211268 g 0.011 -5 -12 -25 -31 1.74
13C4-PFBA IDA 217 >172 |0.011 -5 -12 -25 -31 1.74
PFBS Native analyte 298.9>80 | 0.011 -6 -58 -55 -37 1.76
PFBS 2 Native analyte 298.9>99 | 0.011 -5 -40 -55 -12 1.76
13C3-PFBS IDA 301.9>83 | 0.011 -5 -40 -55 -12 1.76
PEPeA Native analyte 26221'3 > loo11| -7 12 20 | 34 | 1.99
13C5-PFPeA | IDA 2797 Joonn| 7 | a2 20 | -35 | 1.99
4.2 FTS Native Analyte 327 > 307 | 0.011 -7 -32 -50 -10 2.10
M2-4:2FTS Reverse Surrogate 329>81 | 0.011 -7 -32 -50 -10 2.10
PFHXA Native analyte 313>269 | 0.011 -5 -12 -25 -37 2.25
PFHxA 2 Native analyte 313>119 |0.011 -5 -12 -25 -37 2.25
13C2-PFHxA IDA 315>270 | 0.011 -5 -12 -25 -38 2.25
PFHpA Native analyte 363 >319 | 0.011 -6 -12 -25 -41 2.57
PFHpA 2 Native analyte 363 >169 | 0.011 -6 -12 -25 -41 2.57
13C4-PFHpA IDA 367 >322 | 0.011 -6 -12 -25 -41 2.57
PFHXS Native analyte 399>80 |0.011 | -12 -74 -60 -43 2.59
PFHXS 2 Native analyte 399>99 |0.011 | -12 -74 -60 -43 2.59
1802-PFHxS IDA 403>84 |0.011 | -12 -74 -60 -43 2.59
6:2 FTS Native analyte 427 > 407 | 0.011 -7 -32 -50 -10 2.91
M2-6:2FTS IDA 429>81 |0.011 -7 -32 -50 -10 2.91
PFOA Native analyte 413 > 369 | 0.011 -6 -14 -25 -44 2.93
PFOA 2 Native analyte 413 >169 | 0.011 -5 -22 -25 -12 2.93
13C4-PFOA IDA 417 > 372 | 0.011 -6 -14 -25 -44 2.93
13C2-PFOA IS 415>370 | 0.011 -6 -14 -25 -44 2.93
PFHpS Native analyte 449>80 |0.011| -11 -88 -65 -46 2.94
PFHpS 2 Native analyte 449>99 |0.011 | -11 -88 -65 -46 2.94
PENA Native analyte 463>419 |0.011 -6 -14 -25 -47 3.29
PFNA 2 Native analyte 463 >169 | 0.011 -6 -14 -25 -47 3.29
13C5-PFNA IDA 468 > 423 | 0.011 -6 -14 -25 -48 3.29
PFOS Native analyte 499 >80 | 0.011 -9 -108 -65 -50 3.29
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Recommended Instrument Operat

ing Conditions

Mass Spectrometer Scan Settings (SCIEX 5500)

Cell

Ent. Col. Exit Typ

Reaction Dwell | Pot. Energy | Declu. Pot. RT
Compound Comments (MRM) (sec) (V) (V) Pot. (V) | (V) (Min)
PFOS 2 Native analyte 499 >99 | 0.011 -5 -58 -65 -12 3.29
13C4-PFOS IDA 503>80 | 0.011 -9 -108 -65 -50 3.29
PFDA Native analyte 513 >469 | 0.011 -6 -16 -25 -51 3.65
PFDA_2 Native analyte 513>169 | 0.011 -6 -16 -25 -51 3.65
13C2-PFDA IDA 515>470 | 0.011 -6 -16 -25 -51 3.65
8:2 FTS Native analyte 527 >507 | 0.011 -7 -40 -50 -15 3.65
M2-8:2FTS IDA 529>81 | 0.011 -7 -40 -50 -15 3.65
PFOSA Native analyte 498 >78 | 0.011 -8 -85 -60 -50 3.7
13C8-PFOSA IDA 506 >78 | 0.011 -8 -85 -60 -50 3.7
N-MeFOSAA Native analyte 570 >419 | 0.011 -7 -36 -40 -15 3.82
d3-MeFOSAA IDA 573>419 | 0.011 -7 -36 -40 -15 3.82
PFDS Native analyte 509>80 |0.011 | -11 -118 -85 -54 3.96
PFDS_2 Native analyte 509>99 |0.011 | -11 -118 -85 -54 3.96
PFUdA Native analyte 563 >519 | 0.011 -7 -18 -25 -54 3.97
PFUdA 2 Native analyte 563 >169 | 0.011 -7 -18 -25 -54 3.97
13C2-PFUdA IDA 565 >520 | 0.011 -7 -18 -25 -54 3.97
N-EtFOSAA Native analyte 584 >419 | 0.011 -7 -36 -50 -15 3.99
d5-EtFOSAA IDA 589 >419 | 0.011 -7 -36 -50 -15 3.99
PFDoA Native analyte 613 >569 | 0.011 -5 -18 -25 -54 4.3
PFDoA 2 Native analyte 613 >169 | 0.011 -5 -18 -25 -54 4.3
13C2-PFDoA IDA 615 >570 | 0.011 -5 -18 -25 -54 4.3
PFTrDA Native analyte 663 >619 | 0.011 -7 -20 -25 -54 4.56
PFTrDA 2 Native analyte 663 >169 | 0.011 -7 -20 -25 -54 4.56
PFTeDA Native analyte 713>169 | 0.011 -2 -22 -25 -10 4.79
PFTeDA 2 Native analyte 713>219 | 0.011 -7 -36 -25 -30 4.79
13C2-PFTeDA | IDA 715>670 | 0.011 -2 -22 -25 -10 4.79
PFHXxDA Native analyte 813>769 | 0.011 -7 -24 -25 -54 5.25
PFHxDA 2 Native analyte 813>169 | 0.011 -7 -24 -25 -54 5.25
13C2-PFHxDA | IDA 815>770 | 0.011 -7 -24 -25 -54 5.25
PFODA Native analyte 913>869 | 0.011 -7 -26 -25 -54 5.55
PFODA_2 Native analyte 913>169 | 0.011 -7 -26 -25 -54 5.55
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Retention Times & Quantitation (SCIEX 550)0)
Native Compound s | Typical Native RT IS analog Typical IDART Quantitation
(minutes) (minutes) Method

PFBA 1.54 13C4-PFBA 1.54 Isotope Dilution
PFPeA 1.56 13C5-PFPeA 1.56 Isotope Dilution
PFBS 1.78 13C3-PFBS 1.78 Isotope Dilution
PFHxA 2.03 13C2-PFHxA 2.03 Isotope Dilution
PFHpA 2.36 13C4-PFHpA 2.36 Isotope Dilution
PFHxS 2.37 1802-PFHxS 2.37 Isotope Dilution
PFOA 2.71 13C4-PFOA 2.71 Isotope Dilution
PFHpS 2.72 13C4-PFOS 3.09 Isotope Dilution
PFNA 3.09 13C5-PFNA 3.09 Isotope Dilution
PFOS 3.09 13C4-PFOS 3.09 Isotope Dilution
PFDA 3.45 13C2-PFDA 3.45 Isotope Dilution
FOSA 3.43 13C8-FOSA 3.43 Isotope Dilution
PFDS 3.77 13C4-PFOS 3.09 Isotope Dilution
PFUdA 3.78 13C2-PFUdA 3.78 Isotope Dilution
PFDoA 4.07 13C2-PFDoA 4.07 Isotope Dilution
PFTrDA 4.34 13C2-PFDoA 4.07 Isotope Dilution
PFTeDA 4.58 13C2-PFTeDA 4.58 Isotope Dilution
PFHxXDA 4.99 13C2-PFHxDA 4.99 Isotope Dilution
PFODA 5.34 13C2-PFHxDA 4.99 Isotope Dilution
EtFOSAA 3.78 d5-EtFOSAA 3.78 Isotope Dilution
MeFOSAA 3.61 d3-MeFOSAA 3.60 Isotope Dilution
42 FTS 1.98 M2-6:2 FTS 2.69 Isotope Dilution
6:2FTS 2.69 M2-6:2FTS 2.69 Isotope Dilution
8:2FTS 3.44 M2-8:2FTS 3.44 Isotope Dilution

11.17.1. Post Spike Sample Analysis for AFFF samples

11.17.1.1.

11.17.1.2.

11.17.1.3.

11.17.1.4.

This section only applies to agueous samples pedday serial
dilution instead of SPE that have reported valuglddQ (RL)
for any analyte.

Spike aliquots of the sample at the final dilutreported for the
sample with all analytes that have reported of <Li@he final
dilution. The spike must be at the LOQ concerarato be
reported with the sample (the < LOQ value).

When analyte concentrations are calculated as <ltheXpike
must recover within 70-130% of its true value.

It the recovery does not meet this criteria, tha@a, sample
duplicate and post spike sample must be reanabtzed
consecutively higher dilutions until the critersamet.
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11.17.2. Tune and calibrate the instrument as describe@ati&h 10.

11.17.3. Atypical run sequence is as follows:

* Primer (A number of primers are injected for coiudiing of the
instrument before analysis, especially when theunsent was idled or
changed from a different analysis).

« Blank

e Calibration Curve

« |ICB

e ICV

« MB

« LCS

» LCSD (if applicable)
e Sample 1l

« Sample 1 MS (if applicable)

» Sample 1 MSD (if applicable)

e Sample 2 (up to sample 10 before next CCV)
« CCV

* Upto 10 samples.

* End sequence with CCV

CALCULATIONS

12.1. If the concentration of the analyte ions exceedsnbrking range as defined by the
calibration standards, then the sample must béediland reanalyzed. It may be
necessary to dilute samples due to matrix.

12.2. Qualitative Identification

12.2.1. The retention times of PFAS with labeled standandst be the same as that
of the labeled IDA’s to within 0.05 min. For PFAth no labeled
standards, the RT must be withi®.3 minutes of the ICV and CCV
standards Note: The IDA RT and native RT may be offset by 0.02 to 0.04
minutes.

12.3. The ICAL established in Section 10 is used to dateuconcentrations for the extracts.

12.4. Extract concentrations are calculated as belowe fiFbt equation applies to the linear
fit, the second to the quadratic line fit.
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Equation 3 Concentrabn, ng/mL:%

-b+4/b*-4a(c-vy)

2a

Equation 4 Concentrabn,ng/mL=

Where:

Area(analyte)><
Area(lS)

concentration

curvature

slope

intercept

Concentrabn (1S)

<
1

O oo X

12.5. Water Sample Result Calculation:

) C.V
Equation 5 Concentrabn,ng/L=—2-1
Where:
Cex
Vi
Vo

Concentration measured in sample extract (ng/mL)
Volume of total extract (mL)
Volume of water extracted (L)

12.6. Soil Sample Result Calculation:

: C.V,
Equation 6 Concentrabn,ng/g =—2-*

WD

S

Where ng/g fug/kg and:
= Concentration measured in sample extract (ng/mL)

o =
Vi = Volume of total extract (mL)

Ws = Weight of sample extracted (Q)

D = Fraction of dry solids, which is calculated aldws:

100- % moisturein sample

(for dry weight result)

10C
12.7. IDA Recovery Calculation:
Equation 7 % Recovery = & X100
AisQ:RRFipA

Where ng/g 3ug/kg and:
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RFpa = Response Factor for IDA compound
A = Arearesponse for IDA compound
Ais = Area Response for IS compound
Qs = Amount of IS added

Q: = Amount of IDA added

Raw data, calibration summaries, QC data, and samepllts are reviewed by the
analyst. These must also be reviewed thoroughly $gcond qualified person. See
the Data Review Policy (WS-PQA-0012). These regiene documented on the Data
Review Checklist.

METHOD PERFORMANCE

13.1.

13.2.

13.3.

13.4.

The group/team leader has the responsibility toenghat this procedure is performed
by an associate who has been properly trained wsié and has the required expertise.

Method Detection Limit

The laboratory must generate a valid method deteditnit for each analyte of
interest. The MDL must be below the reporting tifor each analyte. The procedure
for determination of the method detection limigigen in 40 CFR Part 136, Appendix
B, and further defined in SOP WS-QA-0006 and poii¢$-PQA-003. MDLs are
available in the Quality Assurance Department.

Initial Demonstration of Capability (IDOC)

Each analyst performing this procedure must subdgsanalyze four LCS QC
samples using current laboratory LCS control limi@OCs are approved by the
Quality Assurance Manager and the Technical DirecidOC records are maintained
by the QA staff in the central training files.

The laboratory must generate a valid method detedinit for each analyte of
interest. The MDL must be below the reporting tifor each analyte. The procedure
for determination of the method detection limigigen in 40 CFR Part 136, Appendix
B, and further defined in WS-QA-0006 and policy WQA-003.

POLLUTION PREVENTION

14.1.

14.2.

14.3.

All waste will be disposed of in accordance witld€eal, State and Local regulations.

Solid phase extraction used for water samples lgrestuces the amount of solvent
used compared to liquid-liquid extraction.

Standards and reagents are purchased and prepar@dmes consistent with
laboratory use to minimize the volume of expireghsiards and reagents requiring
disposal.
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Where reasonably feasible, technological changes been implemented to minimize
the potential for pollution of the environment. Bloyees will abide by this method
and the policies in Section 13 of the Corporatetfydflanual for “Waste Management
and Pollution Prevention.”

Do not allow waste solvent to vent into the hoodH.solvent waste is stored in
capped containers unless waste is being transferred

Transfer waste solvent from collection cups (tripand similar containers) to jugs
and/or carboys as quickly as possible to minimizgoeration.

WASTE MANAGEMENT
The following waste streams are produced whennt@thod is carried out:

15.1.

15.2.

15.8.

15.4.

15.5.

Assorted test tubes, autovials, syringes, filtscsliand cartridges. Dump the solid
waste into a yellow contaminated lab trash buck&hen the bucket is full or after no
more than one year, tie the plastic bag liner ahdtput the lab trash into the
hazardous waste — landfill steel collection drurthim H3 closet. When the drum is
full or after no more than 75 days, move it toWaeste collection area for shipment.

Extracted soil samples, used sodium sulfate, papeel filters, glass wool, thimbles,
and extracted solids contaminated with solventsmp these materials into an orange
contaminated lab trash bucket. When the buckKeilisr after no more than one year,
tie the plastic bag liner shut and put the labhtiaso the incineration steel collection
drum in the H3 closet. When the drum is full aeaho more than 75 days, move it to
the waste collection area for shipment.

Waste Methanol. Collect the waste solvents irotrig during use. Empty the tripours
into a 1-liter to 4-liter carboy at the fume hodd/hen the carboy is full, or at the end
of your shift, whichever comes first, empty thebmar into the steel flammable solvent
drum in the H3 closet. When full to no less thaenrsches of the top, or after no more
than 75 days, move the steel flammable solvent doutine waste collection area for
shipment.

Mixed water/methanol waste from soil extractioroll€ct the waste in the HPLC
waste carboy. When full, or after no more than yewr, dump into the blue plastic
HPLC collection drum in the H3 closet. When therdris full, to no less than six
inches of the top, or after no more than 75 dayssemt to the waste collection area for
shipment.

Aqueous acidic waste from the LCMS instrument caontated with methanol. This is
collected in a 1-gallon carboy at the instrumemthen the carboy is full, or after no
more than one year, it is emptied into the blustpeHPLC collection drum in the H3
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closet. When the drum is full to between two amdrsches of the top, or after no
more than 75 days, move it to the waste colleci@a for shipment.

Autovials contaminated with methanol. As the atdtsvare removed from the
instrument after analysis, they are collected iaropontainers at the instrument. After
all autovials are removed, the open container mestumped into a closed satellite
collection container in a fume hood, as the pumctsepta in the autovial can allow
methanol and other contaminants to evaporate @tmosphere. The satellite
collection containers are transferred to the weistposal area when full or after no
more than one year, where they are disposed thrigghial eater.

REFERENCES
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16.8. US EPA, “Method 537 - Determination of SelectedflBerinated alkyl acids in
Drinking Water by Solid Phase Extraction and LigGlkdromatography/Tandem Mass
Spectrometery (LC/MS/MS)”, Version 1.1, Septemb@02 J.A. Shoemaker, P.E.
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16.9. Erika F. Houtz and David L. Sedlak, “Oxidative Cension as a Means of Detecting
Precursors to Perfluoroalkyl Acids in Urban Ruroinvironmental Science and
Technology 46, no. 17 (2012): 9342-49.

METHOD MODIFICATIONS

17.1. Moadifications from Method 537 are detailed below:

17.1.1.

17.1.2.

17.1.3.

17.1.4.
17.1.5.

17.1.6.

17.1.7.

17.1.8.

17.1.9.

17.1.10.

17.1.11.

17.1.12.

Water sample containers are not preserved withmiaiz

The method has been modified to address soil/awdittices. The extraction
holding time is set at 14 days.

The analyte list has been expanded. The numbabeled analytes has
been expanded as well to improve quantitation.

The reporting limits differ as they are all sebat consistent value.
Calibration levels differ from the referenced metho

More labeled analytes are fortified into the saragor to the extraction
process. Most target analytes are quantitateahsigailabeled analyte.

There is no symmetry requirement.

Calibration, both initial and continuing, has dr#at acceptance criteria due
to the longer list of analytes, and the use ofoigetdilution quantitation.

The eluents and HPLC configuration differs. Afsult the final extract is
in 80:20 methanol:water.

The LCS and MS/MSD are spiked at one concentratmmhdo not rotate
between a low to high levels.

Samples are not checked for residual chlorine or pH

A different SPE cartridge (Waters OASIS WAX) is dder the extraction
process. As a result solvents and elution proe=dare different.
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ATTACHMENTS

18.1. Attachment 1 - Analysis of Perfluorinated Compou(fIBAS) in Water via In Line
Solid Phase Extraction (SPE).

REVISION HISTORY
Revisions to Attachment 1 are documented in tlrechthent.
Revisions prior to 05/01/2017 have been removedsa@dvailable in previous versions of

this SOP.

19.1. WS-LC-0025, Revision 2.9, Effective 11/22/2017

19.1.1.

19.1.2.

19.1.8.

19.1.4.

19.1.5.

Section 1.2, table updated to reflect ranges aft@oving MeFOSA and
EtFOSA from the SOP in the previous revision.

Section 9.3.6, last sentence changed to read, 8Rape and reanalyze all
field and QC samples associated with the contamdhiatethod blank.”

Section 9.7, first sentence changed to read,jidlrgalibration verification
(ICV) — A second source standard is analyzed viighinitial calibration
curve.

Section 1.3.1 revised to read, “Once the optimasr@ssignments (within
+0.5 amu of true) are made immediately following thitial tune, the lowest
level standard from the initial calibration curgesissessed to ensure that a
signal to noise ratio greater than 10 to 1 (S/NDALis achieved for each
PFAS analyte. The first level standard from thgahcalibration curve is
used to evaluate the tune stability on an ongoasish The instrument mass
windows are set initially at + 0.5 amu of the tuaue; therefore, continued
detection of the analyte transition with S/N > 18etves as verification that
the assigned mass remains within £ 0.5 amu ofrtleevtalue, which meets
the DoD/DOE QSM tune criterion. For QSM work, thetrument
sensitivity check (section 10.12.4) is also evaddb ensure that the signal
to noise criteria is met.”

Editorial changes.

19.2. WS-LC-0025, Revision 2.8, Effective 11/06/2017

19.2.1.

Revised Section 4.5 to “Both branched and linegk®KEomers can
potentially be found in the environment. Lineaddmanched isomers are
known to exist for PFOS, PFOA, PFHXS, PFBS, EtFOSa#rd MeFOSAA
based upon the literature. If multiple isomerspesent for one of these
PFAS they might be adjacent peaks that compleésglved or not, but
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usually with a deflection point resolved during baategration. The later of
these peaks match the retention time of its lab@ledr analog. In general,
earlier peaks are the branched isomers and atbéaotsult of peak
splitting.

At this time only PFOS, PFOA and PFHXS are commab#ycavailable as
technical mixtures. These reference standardseateichnical mixtures for
these specific PFAS are used to ensure that albpppte peaks are
included during peak integration.”

19.2.2. Sections 4.8 and 7.2.1.1, corrected the in-sampi&ibutions to 0.30 ng/L
and 0.015 ug/kg.

19.2.3. Removed Section 7.1.14, “Methanol-Water, 78:22/vol., prepared by
mixing 780 mL methanol and 220 mL reagent watesrest in
polypropylene bottle and sealed with polypropylsoeew cap.” Reagent
was added incorrectly.

19.2.4. Section 7.2.4, corrected the factor to 0.956 fro64a.

19.2.5. Added Section 7.4.1, “A technical (qualitative) dgaPFOA standard which
contains both linear and branched isomers is usedratention time (RT)
marker. This is used to integrate the total respdar both linear and
branched isomers of PFOA in environmental samplatewelying on the
initial calibration with the linear isomer quantitee standard This technical
(qualitative) grade PFOA standard is analyzedalyti after an initial
calibration when a new column is installed or wkagnmificant changes are
made to the HPLC parameters.”

19.2.6. Section 9.7, added “Rerun the initial calibratias’the last bullet item.

19.2.7. Added Section 10.3.1, “The first level standardrirthe initial calibration
curve is used to evaluate the tune criteria. fisgument mass windows are
set at 0.5 amu; therefore, detection of the amagtves as verification that
the assigned mass is within £0.5 amu of the trieevavhich meets the
DoD/DOE QSM tune criterion.

19.2.8. Section 10.10.1, appended “containing both IDA Eido the end of the
paragraph.

19.2.9. Sections 11.6.3 and 11.12.2.3, changed “78:22 metiveater” to
“methanol”.

19.2.10. Sections 1.1 and 7.4, removed EtFOSA and MeFOSA fables due to low
volume of requests for those analytes.
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19.2.11.

19.2.12.

19.2.13.

19.2.14.

19.2.15.

19.2.16.

19.2.17.

19.2.18.

19.2.19.

19.2.20.

19.2.21.

19.2.22.
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Removed Section 2.2.1, “Optional cleanups may ohelsample freezing
and/or cleanup by SPE cartridge, unless EtFOSAWeTtOSA are
requested.”

Removed EtFOSA/MeFOSA specific comments in vargeegions
throughout the document.

Section 7.4 Note added, “The concentration of #ld@ation solutions for
non-concentrated extracts is 1720e levels indicated above.”

Section 7.9, changed 1000 ng/mL to 250 ng/mL aptheed final sentence
with “The internal standard solution used for tli@+toncentrated extracts is
at a concentration of 50 ng/mL.”

Removed Section 11.2.8, “If EtFOSA and/or MeFOSA& raquested, add
100uL of IS and then adjust the final volume (F¥}hese aliquots to 5.0
mL with MeOH. QC samples, LCS, MS, and MSD will veg
concentration via nitrogen to adjust the FV tofl0. Vortex each sample.
Then, transfer a portion of the extract to a 30(Qalypropylene
autosampler vial (7 drop-wise or approximately Bediis sufficient).
Archive the rest of the extracts for re-injectiordalilution.”

Added Section 11.5.4, “Proceed to Section 11.16r2hitized Carbon
Cleanup) as needed. This is required for all DoDHXtracts.”

Added Section 11.7.1.1, “Seal the test tube tightiyert container several
times and then vortex. Allow extract to settle I@rminutes prior to moving
to the next step.”

Inserted Section 11.8.1.1, “Projects performed vttt auspices of the
DoD/DOE must have the entire sample homogenized frisubsampling in
accordance with QSM 5.1 criteria.”

Section 11.11.4, added “(Graphitized Carbon Clepagmeeded. This is
required for all DoD/DOE extracts.”

Section 11.14.6, added “Spike all “Pre” and “Pastinples with 25ulL of the
reverse surrogate solution (Section 7.8).”

Section 11.15.2, revised to read, “Cleanup wittpgitezed carbon will be
applied to all samples as needed but is requinedlf®@oD/DOE extracts.”

Added Section 11.15.2.5, “Proceed to Section 167, or 11.12 as
applicable.”
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19.8.

19.2.23.
19.2.24.

19.2.25.

19.2.26.

19.2.27.

19.2.28.

19.2.29.

19.2.30.

19.2.31.
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Removed Sections 11.15.3 through 11.15.6.
Added Section 11.16, “AFFF Sample Preparation”.

Section 11.17, removed EtFOSA, MeFOSA, d5-EtFOSW, aBMeFOSA
from all tables.

Section 11.17, changed masses for M2-4:2FTS, MBI&52 and M2-
8:2FTS. Initially assigned daughter masses weredibg through from the
native analog.

Section 11.17, all tables on MS Interface Mode Ladded “Minimum of
10 scans/peak.”

Added Section 11.17.1, “Post Spike Sample Analgsi®\FFF Samples”.

Added Section 11.8.4.1 “Spike non-concentrated $ssrad 0.5 mL of
LCS/Matrix Spike Solution.”

Added Section 11.8.5.1, “Spike non-concentratedpsasmat 0.5 mL of IDA
PFC Solution.”

Editorial changes.

WS-LC-0025, Revision 2.7, Effective 09/20/2017

19.3.1.

19.3.2.

19.3.8.

19.3.4.

19.3.5.

19.3.6.

19.3.7.

Section 1.1 table, added 1H,1H,2H,2H-perfluorohexsuifonatg4:2).

Section 1.1, removed “Sample results for PFOA nisg be reported as
APFO, at the request of the client. (See SectiorR)12

Section 1.2 and 11.8.2, updated tissue extracted arad RL.

Section 2.5, removed “and assumes a proportiofetlaaship between the
initial calibration and the analyte in the extragthe ratio of the peak
response to mass or concentration injected is tasprepare a calibration
curve.”

Added Section 6.6, “Extract concentrator or nitrogeanifold with water
bath heating to 50-55°C”.

Added Section 7.1.14, “Methanol-Water, 78:22 vall/vprepared by
mixing 780 mL methanol and 220 mL reagent watesrest in
polypropylene bottle and sealed with polypropylsoeew cap.”

Section 7.2.1.1, revised “roughly 0.15 pg/L” to tghly 0.15 ng/L".
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19.3.8. Section 7.4 table, added:
| 42 FTS | 05 | 1.0 | 20 | 20 | 50 | 200 | 400 |

19.3.9. Section 7.4 table, revised Labeled Isotope Diludoralytes (IDA) Section.

19.3.10. Section 7.4 table, added:

Internal Standard (1S)
13C2-PFOA | 50 | 50 | 50 | 50 | 50 | 50 | 50

19.3.11. Section 7.4, removed “FOSAA may be added to theantkare added at the
same concentration as FOSA.”

19.3.12. Added Section 7.9, “Internal Standard Solution,@@@/mL. The internal
standard solution is prepared by diluting 13C2-PRO@Aroduce a solution
containing this compound at a concentration of 18§®nL in methanol.
This is added to all extracts prior to analysisndoncentrated extracts are
fortified with a 5X dilution of this solution.”

19.3.13. Section 8.1, changed “250 mL” to “8 0z.”

19.3.14. Added Sections 9.3.6, 9.8.2.3, 10.10.4, 10.8.203,113, and 10.12.4 to
address DOD QSM 5.1 Table B-15 criteria.

19.3.15. Added Section 9.9, “Internal Standard.”

19.3.16. Updated all tables to indicate target analyte qtetmn via isotope dilution.
Internal standard quantitation is only used to gtete the IDA recoveries.

19.3.17. Added Section 10.8.2.4, 10.12.2, and 10.12.2.hdorporate IS criteria into
calibrations.

19.3.18. Section 11.2.1, “Evaluate if the sample can be mkeckor centrifuged; if
not, contact the client for guidance. Filtering Hagnple can lead to a low
bias.”

19.3.19. Added Section 11.2.3.1, “Alternatively, weigh trergple container prior to
extraction and then weigh the sample container akegaction to determine
the initial volume.”

19.3.20. Added Section 11.5.3, “Note: If the extracts wilitlbe concentrated elute
extract with a total of 8 mL of 0.3% NB®H/methanol.”

19.3.21. Added Section 11.6.2.3, “Add 300 uL of the 78:22maeaol:water solution
and mix the contents well using a vortex mixer.”
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19.4.

19.5.

19.3.22.

19.3.23.
19.3.24.
19.3.25.

19.3.26.

19.3.27.
19.3.28.

19.3.29.
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Added Section 11.6.2.4, “Add 100 uL of Internalrgtard (IS) solution to
each extract and vortex to mix.”

Added Section 11.7, “Final volume for non-concetaitloextract”.
Revised Section 11.11, “SPE Elution of Solid Extsac
Revised Section 11.12, “Extract Concentration folidSSamples”.

Removed Section 12.8, “If results are to be regbaieammonium
perfluorooctanoate (APFO), instead of PFOA, apphyutiplier of 1.0406

to the sample results to correct for the molecwigight differences between
PFOA and APFO or this adjustment can be made dtinegreparation of
the standards used for calibration. (Use onebatit.)”

Removed Section 13.4 — it was a copy of Sectio.13.
Various revisions to fulfill requirements basedl@@D/DOE QSM 5.1.

Editorial changes.

WS-LC-0025, Revision 2.6, Effective 08/15/2017

19.4.1.

19.4.2.

19.4.3.

19.4.4.

Section 7.4, added MPFBS, MPFTeDA, and MPFHxDA®table.

Section 11.15, added 13C-PFBS to the Recommemgédiinent Operating
Conditions table for SCIEX 5500.

Section 11.15 Recommended Instrument Operating iConsl table,
changed the mass transitions for native PFTeDA ffaf> 669 (quant) and
713 > 169 (qualifier) to 713 > 169 (quant) and #1319 (qualifier).

Editorial changes.

WS-LC-0025, Revision 2.5, Effective 07/10/2017

19.5.1.

19.5.2.

Revised Section 11.6.1 to read “Prior to concemgatach sample, add 100
uL of water.”

Revised Section 11.6.2 to read “Concentrate eadplsaunder a gentle
stream of nitrogen until the methanol is evaporaied the 100 uL of water
remains.

11.6.2.1 This blow down must take a minimum of I3obirs.
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19.5.3.

19.5.4.

19.5.5.

19.5.6.
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11.6.2.2 Extracts can not remain in the water l@tger than 5 minutes
once concentrated.”

Revised Section 11.6.3 to read “Add 400 uL of rantl to each extract,
soak, and vortex to mix well. This will create adiract with a final solvent
composition of 80:20 methanol:water.”

Revised Section 11.11.1 to read “Prior to concéinggeeach sample, add
200 uL of water.”

Revised Section 11.11.2 to read “Concentrate eaciple under a gentle
stream of nitrogen until the methanol is evaporaied the 200 uL of water
remains.”

11.11.2.1 This blow down must take a minimum ofl&&rs.

11.11.2.2 Extracts can not remain in the water lmatger than 5 minutes
once concentrated.”

Revised Section 11.11.3 to read “Add 800 uL of rapth to each extract,
soak, and vortex to mix well. This will create atiract with a final solvent
composition of 80:20 methanol:water.”
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Compounds (PFAS) in Water via In Line

Solid Phase Extraction (SPE)

1. SCOPE AND APPLICATION
1.1. This procedure describes the analysis of water v in line solid phase

extraction (SPE) for the following compounds udiggid chromatography / tandem
mass spectrometry (LC/MS/MS) on a SCIEX 5500.

Compound Name ‘Abbreviation ¢AS #
Perfluoroalkylcarboxylic acids (PFCAS)

Perfluoro-n-heptanoic acid PFHpA 375-85-9
Perfluoro-n-octanoic acid PFOA 335-67-1
Perfluoro-n-nonanoic acid PFNA 375-95-1
Perfluorinated sulfonic acids (PFSAS)

Perfluoro-1-butanesulfonic acid PFBS 375-73-5
Perfluoro-1-hexanesulfonic acid PFHxS 355-46-4
Perfluoro-1-octanesulfonic acid PFOS 1763-23-1

1.2. The working range of the method is listed belovine Tinear range can be extended by
diluting the extracts.

Matrix Nominal Sample Size Reporting Limit Working Range
Water 1.0 mL 2.0 ng/L 2 to 200 ng/L

2.  SUMMARY OF METHOD

2.1. A1 mL aliquot of sample is diluted to a 40:60 neaethl:water extract and analyzed by
LC/MS/IMS. PFAS are separated from other componamis C18 column with a
solvent gradient program using 20mM ammonium aeptatter and methanol.

3. DEFINITIONS
Refer to Section 3 of the main body of this SOPafsummary of definitions.

4. INTERFERENCES
Refer to Section 4 of the main body of this SOPiriterferences.

5. SAFETY
Refer to Section 5 of the main body of this SOPsfafety information.

6. EQUIPMENT AND SUPPLIES

Refer to Section 6 of the main body of this SOPsiguplies, other than those listed below
specific to the in line SPE analysis.

6.1. 2 mL auto sampler vials, clear glass, Thermo SifieMation surestop vial, part no.
C5000-1, or equivalent
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6.2. Vial caps, Thermo Scientific National AVCS blue cape slit TEF/STL septa, part no.
C5000-55B or equivalent.

6.3. Eppendorf 1000 uL epTIPS, part no. 022491954 oivatgnt.
6.4. Eppendorf 200 uL epTIPS, part no. 022491938 onedeint.

6.5. 50 mL graduated plastic centrifuge tubes, SCP $ei@igiTUBES part no. 010-500-
263 or equivalent

6.6. 1000 uL Pipette: Eppendorf Research Plus
6.7. 100 uL Pipette: Rainin EDP3-Plus

6.8. 250 mL HDPE bottles with PPE screw caps, ESS mar0250-1902-QC or
equivalent.

6.9. Analytical columns

6.9.1. Phenomenex Gemini C18 3 um, 3.0 mm x 100 mm,N@aro0D-4439-YO0,
or equivalent.

6.9.2.  PFAS Isolator column, Phenomenex Luna C18 5 unm&0x 4.6 mm, part
no. 00B-4252-E 0O or equivalent.

6.10. SCIEX 5500 Triple Quad MS. The system utilizesd@hiPeak Review, version 2.1 or
equivalent.

6.11. Shimadzu CTO-20AC HPLC equipped with 3 LC-20AD mshand one DGU-20
degassing unit or equivalent.

7. REAGENTSAND STANDARDS

Refer to Section 7 of the main body of this SOPréargents and standards, other than those
listed below specific to the in line SPE analysis.

7.1. Reagent grade chemicals shall be used in all wdsteever available. Unless
otherwise indicated, it is intended that all redgestall conform to the specifications
of the Committee on the Analytical Reagents ofAhgerican Chemical Society, where
such specifications are available. Other gradeshmeaused, provided it is first
ascertained that the reagent is of sufficientlyhipgrity to permit its use without
lessening the accuracy of the determination.

7.1.1.  Ammonium acetate, Fisher Optima LCMS grade (20 mMater), part no.
A114-50, or equivalent.
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7.1.2. Methanol, Baker HPLC grade, part no. 9093-03.

7.1.3.  Water, Nanopure or Millipore or Fisher Optima LCIg&de, part no. W6-4,
must be free of interference and target analytes.

7.2. Calibration Standards

The calibration stock solution is prepared by digtthe appropriate amounts of the
stock solutions (Section 7.2 of the main body o 8OP) in 40:60 methanol:water.
The calibration stock solution is diluted with matiol to produce initial calibration
standards. These are the normal calibration lewsds. A different range can be used
if needed to achieve lower reporting limits or gher linear range.

7.3. Initial Calibration (ICAL) Levels (ng/L)

Compound lcs1 |cs2 |cs3 [cs4 |[cs5 [cs6 [cs7 | cs-8
Perfluoroalkylcarboxylic acids (PFCAS)

PFHpA 1.0 2.0 5.0 10 20 50 100 200
PFOA 1.0 2.0 5.0 10 20 50 100 200
PFNA 1.0 2.0 5.0 10 20 50 100 200
Perfluorinated sulfonic acids (PFSAS)

PFBS 1.0 2.0 5.0 10 20 50 100 200
PFHxS 1.0 2.0 5.0 10 20 50 100 200
PFOS 1.0 2.0 5.0 10 20 50 100 200
Labeled Isotope Dilution Analytes (IDA)

13C4-PFHpA 50 50 50 50 50 50 50 50
13C4-PFOA 50 50 50 50 50 50 50 50
13C5-PFNA 50 50 50 50 50 50 50 50
1802-PFHxS 50 50 50 50 50 50 50 50
13C4-PFOS 50 50 50 50 50 50 50 50

Note- The above calibration levels are provided only as an example. The actual ICAL level
used for each analytical batch will depend upon the LOQ requirements of the program.

7.4. LCS/Matrix PFC Spike Solution, 100 ng/mL.

The PFC spike solution is prepared by dilutingP&AS to produce a solution
containing each PFAS at 100 ng/mL in methanol.

7.5. PFC Isotope Dilution Analyte (IDA) Spike Solutichng/mL.

The PFC-IDA solution is prepared by diluting abbéded PFAS to produce a solution
containing each at 1 ng/mL in methanol.
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8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1. Water samples are collected in pre-cleaned 250 mPE containers. Other
containers may also be suitable. Samples areedhi O - 6 °C for shipment to the
laboratory.

8.2. Samples are logged in following normal laboratorygedures and are stored under
refrigeration at 0 - 6 °C. Water samples mustrimyaed within 28 days of collection.

9. QUALITY CONTROL
Refer to Section 9 of the main body of this SOPQaality Control information.

9.1. If potable water samples from the state of New Y(®tK) are analyzed via this
method the control limits for LCS and IDA for PF@B8d PFOA recoveries are 70-
130%. If these limits are not met, refer to SecBarf the main body of this SOP for
corrective action.

9.2. If POST (treatment) samples have positive detestieview the associated PRE and
MID (treatment) samples for similar detections. jiReparation and re-analysis may be
needed.

9.3. If PFBS is detected in the method blank greatemn tha RL, evaluate data for impact.
PFBS is a known laboratory artifact. Re-preparaéind re-analysis may be needed.

10. CALIBRATION
Refer to Section 10 of the main body of the SORc&tibration information.

11. PROCEDURE

Refer to Section 11 of the main body of this SORpfocedures, other than those listed below
specific to the in line SPE analysis.

11.1. Water Sample Preparation

11.1.1. Visually inspect samples for the presence of sktled or suspended
sediment/particulate. Evaluate if the sample caddmanted or centrifuged;
if not, contact the client for guidance. Filteritigg sample can lead to a low
bias.

If authorized by the client to filter the sampliétef the water sample
through a glass fiber filter (Whatman GF/F Cat N@3 090 or equivalent).
Gravity of vacuum can be used to pass the sampdedh the filter. Prepare
a filtration blank with any samples requiring fdtion. File an NCM noting
the need for filtration.
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Warning: The use of a vacuum system creates therisk of glasswareimplosion.

Inspect all glassware prior to use. Glasswar e with chips, scratches, rub marks or

cracks must not be used.

11.1.2.

11.1.8.

11.1.4.

11.1.5.

11.1.6.

11.1.7.

11.1.8.

11.1.9.

11.1.10.

Prepare an LCS and method blank by adding 250 nHRafC grade water
into a 250 mL HDPE bottle.

If requested, find the client assigned sample f&MSD.

Spike directly into the sample bottles for the L&l MS/MSD (if
requested) with 0.050 mL (50 uL) of the LCS/MatfikC Spike solution
(Section 7.4). This will result in a sample corication of 20 ng/L. Shake
well to disperse spike.

Measure 1 mL of each sample using an Eppendorttpipad pour into a
labeled 2.0 mL injection vial. This includes th€& and method blank
samples as well.

Be sure to “prepare” the pipette by collecting tiwoL aliquots and
disposing of them, and then collect the aliquottésting.

Add 83 uL of surrogate solution (PFC IDA Spike San, Section 7.5) into
each vial for each sample and QC sample. Thisreslilt in an extract
concentration of 50 ng/L for the surrogate.

Add 577 uL of methanol to each sample for a fird¥ent composition of
40:60 methanol:water.

Seal the vial with a polypropylene screw cap. Nadeflon lined caps can
not be used due to detection of low level concdioimaof PFAS.

Vortex to mix the mixture well.

11.2. Instrument Analysis

11.2.1. Suggested operation conditions are listed below:
Routine Instrument Operating Conditions
HPLC Conditions (Shimadzu HPLC)
Column  (Column temp = 35°C) Phenomenex Gemini C18 3 um, 3.0 mm x 100 mm
Mobile Phase Composition A =20 mM Ammonium Acetate in Water B = Methanol
Time (min) %A %B Curve Flow Rate (mL/min)

Gradient Program 0 90 10 6 0.60
1 90 10 6 0.60
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15 35 65 6 0.60
8 5 95 6 0.60
8.1 99 6 0.60
12 1 99 6 0.60
125 90 10 6 0.60

Maximum Pressure limit = 5,000 psi

Injection Size

950 uL (fixed amount throughout the sequence)

Run Time

17.1 minutes

Routine Instrument Operating Conditions

Mass Spectrometer Interface Settings (SCIEX 5500)

MS Interface Mode ESI Negative lon. Minimum of 10
scans/peak.

lon Spray Voltage (kV) 4.5

Entrance Potential (V) 5

Declustering Potential (V) 25

Desolvation Temp 550 °C

Curtain Gas (nitrogen) Flow 35 psi

Collision Gas (nitrogen) Flow 8 psi

Routine Instrument Operating Conditions

Mass Spectrometer Scan Settings (SCIEX 5500)

Ent. Col. Declu.
Reaction Dwell Pot. Energy Pot.
Compound Comments (MRM) (sec) (V) (V) (V)
PFBS Perfluorobutanesulfonate 299 > 80 0.02 6 58 55
1802-PFHxS IDA 403 > 84 0.02 12 74 60
PFHpA Perfluoroheptanoic acid 363>319 | 0.02 6 12 25
13C4-PFHpA IDA 367 >322 | 0.02 6 12 25
PFHxS Perfluorohexanesulfonate 399 > 80 0.02 12 74 60
1802-PFHxS IDA 403 > 84 0.02 12 74 60
PFOA Perfluorooctanoic acid 413 > 369 0.02 6 14 25
13C4PFOA IDA 417 >372 | 0.02 6 14 25
PFENA Perfluorononanoic acid 463 > 419 0.02 6 14 25
13C5-PFNA IDA 468 > 423 | 0.02 6 14 25
PFOS Perfluorooctanesulfonate 499 > 80 0.02 9 108 65
13C4-PFOS IDA 503 > 80 0.02 9 108 65
Native Typical Native Typical IDA RT | Quantitation
Compounds RT (minutes) IS analog (minutes) Method
PFBS 6.68 1802-PFHxXS 7.76 Isotope Dilution
PFHpA 7.77 13C4-PFHpA 7.77 Isotope Dilution
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12.

13.

14.

15.

16.

17.

18.

19.

PFHxS 7.76 1802-PFHxS 7.76 Isotope Dilution
PFOA 8.44 13C4-PFOA 8.44 Isotope Dilution
PFNA 9.10 13C5-PFNA 9.10 Isotope Dilution
PFOS 9.06 13C4-PFOS 9.06 Isotope Dilution

11.2.2. Tune and calibrate the instrument as describe@atic 10.

CALCULATIONS
Refer to Section 12 of the main body of this SORcdculation information.

METHOD PERFORMANCE
Refer to Section 13 of the main body of this SOfiethod performance information.

POLLUTION PREVENTION
Refer to Section 14 of the main body of this SOFpfalution prevention information.

WASTE MANAGEMENT
Refer to Section 15 of the main body of this SORWaste management information.

REFERENCES
Refer to Section 16 of the main body of this SORdéference information.

METHOD MODIFICATIONS

17.1. Refer to Section 17 of the main body of this SOModifications from Method 537,
except as detailed below:

17.1.1. Water samples are prepared at 1.0 mL, not 250 mL.

17.1.2. Water sample containers are not preserved withmiaizHolding time has
been changed to 28 days for analysis.

17.1.3. The eluents and HPLC configuration differs. Afsult the final extract is
in 40:60 methanol:water.

ATTACHMENTS
There are no attachments to this Appendix.

REVISION HISTORY

Revisions prior to 04/10/2017 have been removedsa@cvailable in previous versions of
this SOP.

Company Confidential & Proprietary



Attachment 1 SOP No. WS-LC-0025, Rev. 2.9
Effective Date: 11/22/2017

Analysis of Per- and Polyfluorinated Page No.: 59 of 59

Compounds (PFAS) in Water via In Line

Solid Phase Extraction (SPE)

19.1. WS-LC-0025, Attachment 1, Revision 2.9, Effectivig2l7/2017
19.1.1. No changes to the attachment with this revision.
19.2. WS-LC-0025, Attachment 1, Revision 2.8, Effectivig6/2017

19.2.1. Section 11.2.1, Routine Instrument Operating Camnkttable (SCIEX
5500), added “Minimum of 10 scans/peak”.

19.3. WS-LC-0025, Attachment 1, Revision 2.7, Effecti&22/2017

19.3.1. Section 6.5, removed “The 5 items above are to di@tained in the drawer
labeled “Segregated Supplies for in line SPE Anslya the LC/MS
instrument room.”

19.3.2. Added Sections 9.1 —9.3.
19.3.3. Updated Section 11.1.
19.3.4. Editorial changes.

19.4. WS-LC-0025 Attachment 1, Revision 2.6, Effectivé1d82017
19.4.1. No revisions to this attachment.

19.5. WS-LC-0025 Attachment 1, Revision 2.5, Effectivél@/2017
19.5.1. No revisions to this attachment.

19.6. WS-LC-0025 Attachment 1, Revision 2.4, Effectivéas#2017
19.6.1. No revisions to this attachment.

19.7. WS-LC-0025 Attachment 1, Revision 2.3, Effectivéi®#2017

19.7.1. Changed all mentions of “direct aqueous injectiDAl)” to “in line solid
phase extraction (SPE).”

19.7.2. Inserted Section 17.1, and changed formatting@htbdifications to
Method 537 to Section 17.2 and subheadings.
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